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ABSTRACT 
The Indian gerbil , Tat era indiea of the sub-family 
Gerbillinae, family Muridae, sub-order Myomorpha, order, Rodentia; 
i s widely distributed from Iran to India and Sri Lanka. Several 
races of this one species - T. i . indica in north and T. i . curvieri 
in South India; are recognized. It i s , however, quite dist inct 
in body colouration, form and movement from sympatric species of 
the other sub-family Murinae. 
Like the species of Murinae, however, gerbils are important 
pests of food crops. They are, however, not widely known; though 
losses due to them in some areas are very high. Records even exist 
of extensive damage caused to food crops over vast tracts of land* 
Such gerbil plagues have, however, been reported only from south 
and not north of India. 
For such uniqueness and economic importance, i t has 
attracted the attention of more investigations than other rodent 
pes t s . 
Studies on some aspects of the behaviour of gerbils were 
started at Aligarh in the year 1974. In the f i r s t work of i t ' s 
kind on populations of an intensive agricultural zone, special 
attention was obviously paid to feeding and reproductive behaviour. 
Data i s , however, also presented on sandbathlng and agonistic 
behaviour* Structure of their audible sounds i s also described. 
Feeding Behaviour (Chapter I to VI) 
The gerbi ls , T. indiea. adopted the aost convenient way 
of eating foods* There are long and short v i s i t to food trays; 
but the former are more characteristic of meal patterns* Feeding 
i s entirely nocturnal* I t i s regulated by an inner circadian 
rhythm which probably coincides with periods of general activity* 
The "Zeitgeber" i s the diurnal change in sunlight; but th is i s 
not confirmed* 
"Sampling" i s an important component of their feeding 
behaviour* The ehoice between foods, however, depends on several 
factors as tas te , texture and energy value. Linear preferential 
orders for foods are clearly demonstrated. "Moist* foods and 
"sweet" foods are specially l iked. Both "taste" and "post-
ingestion" factors appear to regulate the consummatory intakes of 
the la t ter . 
Following poisoning in the preferred foods, the gerbils do 
not become "bait-shy". There i s no avoidance than of either the 
toxic mixtures ("poison-shyness") or the particular foods used in 
i t as base ("bait-shyness"). Thus, oontrol of gerbils by conven-
tional bai ts and poisons i s s t i l l possible* 
Seeds appear to be an essential component of their d ie t . 
Exclusive access to vegetables or fodder plants results in rapid 
loss in body-weight. The weight i s regained when cereals for 
example, are presented again. In the intervening period, however, 
the cereal food i s hoarded by aale gerblls in very large amounts. 
Hoarding of food by females i s not observed. 
Reproductive Behaviour (Chapters VII to H i ) 
In laboratory enclosures, attempts to observe mating are 
not successful. However, gerbils breed pro l i f ioa l ly , and Infant 
mortality i s very low* The young are protected in an elaborate 
brood nest . The care of young starts with lioking and retrieval* 
Typical postures are adopted by mother for lactat ion, as crouching 
above the pups or lying on the s ides . • 
Nesting behaviour of gerbils has some characteristic 
features. Nesting material l ike paper i s shredded and then used 
in lining the interior of nest-boxes. In i t ' s absence, the males 
and virgin or non-pregnant females construct typical "sleeping* 
nes t s . Lactatlng gerbils make "dome-shaped" nests; which are 
quickly reconstructed when disturbed. 
The mothers readily retrieve their young; and the behaviour 
las t s for 22 days post-partum without any change in latencies for 
retr ieval . However, the grip used in "picking* the young varies 
with their age. "Pivoting* dominates the early orienting movements. 
Progression i s then accomplished by "creeping*, which i s superseded 
by "walking*. "Pivoting* i s more important for survival than ether 
kinds of orienting behaviour. 
Audible Sounds produced by Gerbils (Chapter XIII) 
Gerbils possess a limited repertoire of auditory signals 
( in audible range). There i s no agonistic vocalization; the 
sharp "creaks* are defensive c a l l s . Spectrum analysis shows that 
creaks consist of two narrow discrete bands, of 0.2 to 2.0 kH 
z 
and 4.5 to 5.0 kH frequencies. 
Sandbathing Behaviour (Chapter XEV) 
Sandbathing i s the most important component of the COBS 
behaviour in gerbi ls . However, i t consists of one main component 
or the "side-rubs". Frequencies are normally low, but significant 
increments in the number of actions occur after modifications of 
pelage condition. Asymmetrical changes alter the behaviour patterns, 
as more actions are then directed towards the treated s ide . 
Evidently, "peripheral* inputs regulate the behaviour. 
Agonistic Behaviour (Chapter SV) 
Agonistic postures and actions dominate the encounters 
arranged between gerbi ls . The outcome i s mostly c lear . The males 
dominate the females* In MM and FF encounters, the heavier animal 
becomes dominant in "neutral territory*; but not always in resident-
interloper actions. Injuries are superficial , and no deaths occur 
in experimental encounters. 
Frequency and duration of behaviour components shows wide 
differences. All combinations of postures and actions occur, but 
some usually follow in a sequence. These are clearly associated with 
dominants or sub-ordinate animals. 
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INTRODUCTION 
84 Species and 265 sub-species of rodents are known i n 
India (Ellerman, 1949). Some of them are of world-wide importance 
(Barnett and Prakash, 1975), others occur in part icu lar geographical 
region, including the Indian union; while a third category includes 
only indigenous forms (Tiwari and Biswas, 1969). Informations 
about them, even the most common forms, formerly seemed inadequate 
( S p i l l e t , 1963), but now a great deal of i n t e r e s t seems to have 
been aroused (Harris , 1969; Srivastava, 1972; Chaturvedi, et a l« , 
1977) . 
Rodents are noteworthy i n many ways, though the pr inc ipal 
areas of human concern are disease ' transmission' and 'food 
destruction* ( S p i l l e t , 1968). Of numerous d i seases transmissible 
from rodents to man, plague i s cer ta in ly most important (Mitchel l , 
1966; Patnaik, 1969). Plague has diminished of l a t e here, but 
the danger s t i l l e x i s t s (Suri , 1977). Now greater a t tent ion has 
devolved on damage by rodents to food, which equals 10-25$ of 
t o t a l grown in India ( S p i l l e t , 1968). Mere saving of t h i s amount, 
roughly the s i z e of buffer stocks maintained, can turn India from a 
chronic food d e f i c i t , i n t o food surplus s t a t e . 
2 
The species responsible for such profound food losses fa l l 
in to two categories (Prakash, 1977), The 'domestic ' or 'urban' 
r a t s which are commensal with man, as Rattns r a t t u s L. , Bandicota 
bengalensis Gray, B. indie a Bechstein, Mus muscuius L. , and in 
major por ts even R. norvegicus (Berkenhout). R. r a t t u s and 
M. muscuius are adapted to a l l environments from storehouses to 
l a r d e r s , but others are confined to only godowns where food i s 
permanently stored or kept temporarily during t r a n s i t (Srivastava, 
1972). 
A larger number of species, including the commensal forms, 
f a l l in the category of ' f i e l d r a t s ' . They damage food crops at 
a l l stages of growth (Barnett and Prakash, 1975). The exact t o l l 
they take has never been accurately estimated, but must be fa i r ly 
great (Barnett and Prakash, 1975). However, t o t a l destruct ion 
of crops ensues over vast areas when they break out in to plagues 
(Prasad, 1954). Instances of past and recent records of them 
defy count (Seal , et a l M 1951; Barnett and Prakash, 1975). The 
misery caused to people in the vast ru ra l sector then, can only 
be imagined. 
I t i s as a 'crop pes t ' that Tatera indica of sub-family 
ge rb i l l inae competes with other rodent pests mainly belonging 
to sub-family murinae (Batra, 1969; Bindra and Sagar, 1977). 
I t ' s r e l a t i v e pos i t ion , however, var ies grea t ly , from s t a tus of 
pre-dominant species in par t s of Gujrat (Madsen, 1977) to a minor 
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pest in lower Sind (Greaves, ^et _al., 1977). Such v a r i a b i l i t y i s , 
however, found to end in close commensal existence with man in 
Bikaner ( Ja in , 1970). Apparently, i t ' s uniqueness coupled to 
sympatry with species of murinae in human environment, make i t 
an object worthy of serious a t t en t i on . 
Of l a t e thus , the Indian gerbi l has been increasingly 
a t t r a c t i n g the at tention of many inves t iga to r s . This i s c lear ly 
evident from l i t e r a t u r e incorporated in modern works on rodents 
in Ind ia (Barnett and Prakash, 1975). Whereas older summaries 
show more work on murinae (Parrack, 1967), a d i f ferent p ic tu re 
would emerge i f a l l t he l i t e r a t u r e was to be reviewed now. Hecent 
findings incriminating gerbi ls in transmission of plague, further 
enhance t h e i r importance and our concern (Sur i , 1977), 
The present work conducted during the period 1974-78, 
forms pa r t s of a larger enquiry in to ecology and behaviour of 
rodent pes ts found in v i c in i t y of Aligarh. I t mainly deals with 
behaviour of g e r b i l s , of which there i s much paucity of informa-
tion* Thus, the ecology of the species has been studied at several 
cent res in Ind ia , most notably at Jodhpur (Raj as than) by Prakash 
and associates (Prakash, 1975). 
The work i s divided in to several chapters . The f i r s t deals 
with feeding behaviour and second with reproductive behaviour. 
Sound production, 'sand-bathing' and agonist ic behaviour, are 
described in the following chapters . Where necessary, one chapter 
has been divided in to sub-chapters. Conclusions are given in abs t r ac t . 
HISTORICAL RESUME 
The g e r b i l s have been descr ibed as ' a n t e l o p e 1 r a t s 
(Wroughton, 1917; P r a t e r , 1965), or • S a l t a t o r i a l 1 r a t s with long 
h i n d - f e e t and bushy t a i l s (Tiwari and Biswas, 1969); and inc luded 
i n order Rodent ia , sub-order Myomorpha, family Muridae and s u b -
family G e r b i l l i n a e (Ellerman, 1949; Mor r i s , 1964). This Ethopian 
sub-family comprises of t en or pos s ib ly twelve genera (Schwentker, 
1963, 1968). Of them, the genus Ta te ra , or ' l a r g e r g e r b i l ' , 
i n c l u d e s 32 spec ies found i n South Asia and Af r ica (Wroughton, 
1906; Thiessen and Yahr, 1977). 
Ta te ra i n d i c a i s an important s p e c i e s , widely d i s t r i b u t e d 
from I r a n t o I n d i a and S r i Lanka (Barne t t and Prakash , 1975). 
Although seve ra l d i s t i n c t r aces of t h i s one spec ie s are recognized 
(El le rman, 1949; P r a t e r , 1965), t he se conclus ions have a l so been 
g r e a t l y d i spu ted (Barne t t and Prakash, 1975). I t i s , however, 
q u i t e d i s t i n c t i n body c o l o u r a t i o n , form and movement from 
sympatr ic spec ies of o ther sub-family Murinae ( F i t z w a t e r and 
Prakash, 1973; Barne t t and Prakash, 1975). 
T. i n d i c a , has been found to avoid, almost uni formly , 
c l i m a t i c extremes, whether x e r i e or humid (Pa r r ack , 1967; 
Prakash , 1977). Pe rusa l of l i t e r a t u r e a l so shows t h a t i t * s 
d i s t r i b u t i o n w i th in the Ind ian Union roughly corresponds to 
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regions receiving low to moderate r a i n f a l l . Ea r l i e r asser t ions 
about i t ' s occurrence p rac t i ca l ly throughout India (Tiwari and 
Biswas, 1969), seem inaccurate . I t i s typ ica l ly an inhabi tant 
of arid regions, preferr ing dry or fallow land to i r r i g a t e d crop 
f i e lds (Pra te r , 1965). The l a t t e r are , however, raided for food 
(Rao, r t a l . , 1977; Madsen, 1977). 
That gerbi l s can great ly damage food crops over vas t t r a c t s 
of land has been repeatedly noticed in Karnataka (Blanford, 1888; 
Prasad, 1954). That prompted e a r l i e r inves t iga t ions on i t ' s 
na tura l h i s to ry , food habi ts and propensity to hoard food (Prasad, 
1954, 1954b), Since then, however, i t ' s s t a tus as a pest has been 
reviewed in many par t s of the country (Prakash, 1964, 1973, 1973b, 
1973c, 1973d; Singh,et a l . , 1965; Batra, 1969; Sood and Ubi, 1977; 
Bindra and Sagar, 1977; Greaves, et jajL., 1977; Rajasekharau - and 
Dharmaraju, 1977), The losses due to i t , which show wide v a r i a -
t i on , have been estimated. However, more information on ecology 
of t h i s species are required, not only to make more accurate 
est imates , but to control such losses (Barnett and Prakash, 1975), 
However, the ecology of T. indica has la rgely been studied 
in a special environment, of Rajasthan desert (Prakash, 1962, 
1968, 1974, 1977; Prakash, e t d , , 1971; Prakash and Sana, 1970, 
1972, 1973). Informations gathered in other environments are 
very meagre. Thus, the gerbi l has been s ta ted to be highly 
adaptable (Barnett and Prakash, 1975), but t h i s has not been 
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substant ia ted by studies of gerbils inhabit ing north or south 
of the country. I t i s , however, possible to describe i t ' s biology 
in some d e t a i l s . 
Studies of food habi ts of gerb i l s show that they forage 
extensively; both plant and animal foods, or i n s e c t s , are eaten 
(Prasad, 1954; Prakash, 1959, 1962, 1969, 1973; Prakash, jgt jal.» 
1967). Even vegetables are damaged with a l l the major crops 
grown in various regions (Bindra and Sagar, 1977; Madsen, 1977; 
Greaves,jet a l . , 1977). However, I t takes read i ly , l ike more 
common rodents as Rat tus , to eating ba i t s as cereals or pulses 
(Prakash, 1969; Prakash and Ja in , 1971). 
Besides such omnivory/, the gerbi l a lso resembles the 
other common rodents in reproduction (Barnett and Prakash, 1975). 
I t i s a p ro l i f i c breeder with mean duration of oestrus of 4.8 days 
(Ghosh and Taneja, 1968). Breeding continues throughout the year 
In Rajasthan (Prakash, 1962; Ja in , 1970; Prakash, et al,
 t 1971), 
but i n Karnataka there i s a bimodal pa t te rn in production (Prasad, 
(1058ail# 1961; Chandrahas and Krishnaswamy, 1974). L i t t e r - s i z e 
ranges from two to nine; gestat ion period from twenty s ix to 
t h i r t y days; while the young are weaned at t h i r t y days pos t -
partum (Prakash, 1962; Prakash, e t a l . , 1971; Ja in , 1970; 
Chandrahas and Krishnaswamy, 1974). 
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Although occasionally breaking out in to plagues, the 
population cycles of gerb i l s follow regular pat terns as in case 
of other rodent pests (Prakash and Rana, 1970, 1972, 1973).Factors 
regulat ing the i r population have been studied in the desert 
(Prakash, 1962, 1968, 1974; Prakash, et j t l . , 197l) , but not anywhere 
else* Of l a t e , i t seems to have increased in numbers in some pa r t s 
of Rajasthan, as Bikaner (Ja in , 1970)J3u* I t has also been displaced 
in other areas (Prakash, 1977). I t ' s r e l a t i ve abundance in the 
f i e l d has, however, been examined in many environments (Bindra 
and Sagar, 1977; Sood and Ubii, 1977). 
Although i t i s unlikely to displace other rodent pests as 
Rat tug and Bandicoots, i t has become the predominant species in 
many areas . These include Hathras in U.P. to Sidhpur in Gujarat 
(Bhatnagar, 1969-; Mads en, 1977). Otherwise, i t i s also an abundant 
species in many areas (Sr ivas tava .e t al.« 1968; Prakash and Ghosh, 
1975; Barnett and Prakash, 1975); and thus many attempts are being 
made to devise methods for i t ' s control (Prakash, est a l . , 1969; 
Fitzwater and Prakash, 1973; Prakash, 1976). Some fumigants have 
been found highly successful (Krishnamurthy and Singh, 1967), but 
not acute poison l i ke zinc phosphide (Prakash and Ja in , 1971). 
However, development of ' b a i t shyness' by gerb i l s has not been 
confirmed (Cowan, 1978) and large-scale control of these pests by 
acute poisons i s s t i l l poss ib le . 
8 
Apart from ecology and methods of cont ro l , some aspects 
of the morphology and physiology of t h i s species have also been 
studied, though mostly with gerb i l s trapped in Raj as than. Body 
weights, organ-body weight re la t ionsh ips and weight of adrenals 
in r e l a t ion to s t r e s s and reproductive ac t iv i ty have been analysed 
(Ghosh and Taneja, 1968; Ja in , 1970, 1973). Histology and h i s t o -
chemical cha rac t e r i s t i c s of t h e i r t i s sues (Purohit and Ghosh, 
1965), morphological va r ia t ions between populations (Rana, et al»* 
1970) and physiological adaptations have also been studied (Purohit 
and Ghosh, 1965). 
There i s , however, very l i t t l e l i t e r a t u r e on the behaviour 
of t h i s species; barr ing some observations on making of burrows, 
general a c t i v i t y , e t c . (Sagar and Bindra, 1970; Prakash, unpubl. 
o b s . ) . Compared to i t , there have been numerous inves t iga t ions 
on the behaviour of Mongolian gerbi l (Thiessen and Yahr, 1977). 
The paucity of information on such v i t a l aspect of i t ' s biology, 
i s obviously a great handicap for successful management of t h i s 
p e s t . This has , however, not yet been r ea l i zed . 
CHAPTER - I 
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FEEDING BEHAVIOUR OP GERBILS IiMETHOD OF EATING, MEAL 
PATTERNS, SAMPLING BEHJBttOUR AND FEEDING RHYTHMS 
1. Introduction 
Rodents are v e r s a t i l e in feeding behaviour and choice of 
food, and thus each species requires separate study (Barnett , 
1969). However, some kinds of behaviour are common, as there 
are a number of s imilar a c t i v i t i e s which influence feeding 
(Barnet t , 1975). Obviously, such aspects and in te r re la t ionsh ips 
can be looked for while invest igat ing the ethology of new or less 
known species (Barnett and Prakash, 1975). I f i t happens to be a 
pest l ike ge rb i l s , study of the behaviour i s also useful for 
devising proper methods of control (Chitty , 1954). 
Feeding of the group i s known, however, largely from 
observations among r a t s , the domestic albino and wild type Rattus 
and among mice, Mus mascuius L. (Barnett , 1969). There i s marked 
difference in t h e i r choice for foods and method of eating 
(Spencer, 1953; Barnett and Prakash, 1975). However, both take 
frequent meals (Southern, 1954; Barnett , 1975), while u t i l i s i n g 
the time between meals for r e s t , exploration or some other 
a c t i v i t y (Bernstein, 1975; Barnet t , e t a l M 1978). But as opposed 
to mice, the rats feed at fairly regular intervals and display 
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consis tent circadian rhythms in feeding (Siegel and Stuckey, 
1947; Bare, 1959; Siegel , 1961). 
Apart from cha rac t e r i s t i c meal pat terns and feeding rhythms, 
the other important component of the i r feeding behaviour i s 
"sampling"; or ea t ing, even though in variable amounts, of a l l 
avai lable foods (Barnett , 1956). The behaviour i s analogous to 
exploration of environment and has s imilar ly great survival value 
(Barnet t , at a l . , 1978). Thus, tas t ing can help in select ion of 
superior foods (Rozin, 1969). I t i s , however, of grea ter value to 
r a t s in finding new sources of food (Barnett , jrt a l . , 1978) and 
for avoiding poisoned b a i t s (Rzoska, 1953, 1954; Rozin and Kalat , 
1971). 
Although feeding behaviour of gerbi ls has not been analysed 
to the same extent , some deta i led observations have yet been made 
on dietary se l f - se lee t ion by Mongolian ge rb i l s , Meriones 
unguioulatus (Harriman, 1969a, 1969b) and on the food of Indian 
species , Tat era indie a indie a Hardwieke or .T.i.. cuvier i Cuvier and 
Meriones hurrlanae Jerdon (Prasad, 1954; Prakash, 1969, 1976). 
Development of "bait-shyness* in the l a t t e r has also been examined 
(Prakash and Ja in , 1971; Cowan, 1978). However, nothing i s known 
about t he i r meal pa t t e rns , sampling behaviour, methods of eating 
or food cycle. Results of the experiments designed to study such 
important aspects of feeding of T.jL. indie a are discussed here . 
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2. Material and Methods 
2 . 1 . The subjects : The subjects were wild-caught stock, housed 
in wire-mesh cages, 1»2 x 1.0 x 0,3 m, or cement tanks, 1.8 x 1.5 x 
1.2 m. They were fed on a mixed diet of cereals with cabbage once 
a week. Water was given ad l i b . The cages were kept in a r a t t e r y 
covered on two sides by wire-mesh and canvas screens. The canvas 
was rol led-up during day-time, from 8 a.m. to 5 p.m. 
The number and weight of gerbi ls included in each experiment 
i s given in Table 1. 
2 .2 . Experimental Procedure: In experiment 1, adult gerbi ls 
caged separately were offered wheat (Trlticum aestivum L . ) , mi l le t 
(Pennisetum typholdes Burm»), sorghum (Sorghum vulgare L . ) , 
Pransbeans (Vigna ungiculata Walp.), s l i c e s of melon (C i t ru l lu s 
vu lga r i s ) and cabbage (Br as s i c a oleracea cap i t a t a ) on consecutive 
days. M observer (E) was detai led to watch them eating these 
foods in sessions of 30 min. each ( t o t a l observation = 4 h r ) . 
50-Watt red bulbs were used to aid observations. The residue 
was also examined for condition of grain, husk, e t c . 
In experiment 2, duration of meals taken by gerb i l s was 
timed by an observer (E) using a stop-watch. Observations were 
made for 3 hr . (6 to 9 p.m.) on each gerbi l using red l igh t as 
source of i l luminat ion. 
Table - i 
Description of gerbi ls used in the experiment 
Jfjf- Male Feaale ^ a n Body^eight
 Rmge 
1 2 2 142.00 • 7.44 131 - 164 
2 2 2 128.75 + 6.08 118 - 145 
3 1 1 166.50 + 6 .01 158 - 175 
4 7 11 144.16 • 6.49 88 - 208 
! « • • > 
Sampling of foods was observed in experiment 3 by ca fe ta r i a 
feeding. Weighed amounts of five foods were offered in the 
evening; the residue was weighed next day. The choice was kept 
uniform throughout. 
Pood intake during the night was measured at regular 
In t e rva l s in experiment 4 . Methods described by Siegel ( i96 i ) 
were followed. Thus, weighed amounts of food, wheat or mi l l e t , 
were given in each enclosure at 5 p.m. I t was weighed af ter 2 
or 4 hr , and then placed again in cage. The procedure was 
repeated at the same in t e rva l s t i l l 9 a.m. next day. The residue 
was weighed at 12 noon and 4 p.m. during the day time. 
The l igh t s were kept on in the r a t t e r y , for about 5 to 
10 min., during weighings and replacement of food in n ight . This 
did not , however, cause any marked disturbance. 
2 . 3 , Analysis of fiesults: The r e su l t s were s t a t i s t i c a l l y 
analysed according to methods described by Bailey (1959). 
3 . Results 
The r e su l t s are i l l u s t r a t e d in Figs. 1 to 5 and are 
described below under separate sec t ions . 
3 . 1 . Method of Eating: The gerb i l s s i t t i n g on haunches in 
the food cup or t r ays , picked up the food by one or both hands 
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that remained free* Grains of mi l le t and sorghum were dehusked 
before eating ( P i g . l ) . A grain of wheat was, however, held in 
pa r t i cu l a r pos i t ion , e .g . longitudinal to the body axis , and eaten 
from ends. The larger beans were, however, held at r igh t angles 
to body axis and gnawed in the middle. The beans invariably broke 
i n to halves, each cotyledon showing the portion eaten (F ig . i ) . 
ffet foods as melon were often eaten d i r ec t ly by mouth, 
without using hands. Cabbage leaves were pulled out by tee th and 
shredded before the small pieces were picked up by hand and eaten. 
Observations showed that the "urge" to eat melon was much 
s t ronger than that for eating any other kind of food. 
3 .2 . Meal Pa t t e rns : Feeding commenced as soon as i t became 
dark, except for water melon which was accepted at a l l hours as 
described. There were long and short v i s i t s to food t rays ; 
duration of the former varied from 8 to 35 min. (Fig . 2 ) . Obviously, 
the short v i s i t s las ted very l i t t l e (^ min.) when food was merely 
nibbled at or even sniffed only. Post-meal i n t e rva l s ranged from 
1 to 35 min., but no s ignif icant re la t ionship between meal s ize 
and post-meal i n t e rva l s was evident ( t = 1.6, P > O . i ) . 
In the in t e rva l between meals, the gerb i l s e i the r rested 
or indulged in several a c t i v i t i e s as shredding paper, making nes t , 
p a t r o l l i n g , grooming and gnawing wood. 
Figure 1 
Method of eating the different grains — A. Husk 
of m i l l e t , B. Husk of sorghum, C. Pieces of wheat 
and D. Halves of Frans-beans. 
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Fig. 1 
Figure 2 
Gerbils showed both long and short v i s i t s to 
food t r a y s . The long v i s i t s varied 8 to 35 
minutes and the short v i s i t s las ted l ess than 
5 minutes. 
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3 . 3 . Sampling of Foods: The gerbi ls consumed each of the five 
foods - wheat, m i l l e t , sorghum, maize (Zea mays) and barley 
(Hardeum vulgare) offered to them for 5 days, in succession 
( F i g . 3 ) . Mil let was, however, c lear ly preferred to other four 
foods ( P < 0 . 0 5 ) . These were eaten in r e l a t i ve ly very small amounts, 
hut never completely ignored (Fig . 3 ) . Maize was also hoarded in 
small amounts in the nest-boxes. 
3 .4 . The Food Cycle: Consumption of food by gerbi ls was 
measured at regular in te rva l s during the night , but only twice 
at the most (12 noon and 4 p.m.) during day-time. However, as 
canvas screens in the r a t t e ry were rolled-tip at 8 a.m., the 
feeding between 5 to 9 or 7 to 9 a.m. also belonged to the dark 
ra ther than l i gh t period of the day. Taking t h i s in to considera-
t i o n , i t would appear that there was p rac t i ca l ly no day-time 
feeding. I t was r e s t r i c t e d only to dark period or night (Fig.4and.5 
Food intake over the dark phase, however, did not follow 
a f l a t course, though there was considerable individual va r i a t i on . 
Intakes measured at 2 hr . in te rva l s pa r t i cu la r ly revealed that 
most gerbi ls had ceased feeding during one or the other time 
i n t e r v a l . But peaks, and troughs in consumption were ne i ther 
observed during the same t ime-interval nor uniformly between the 
f i r s t or second half of dark phase (before and a f te r 12 n igh t ) . 
Some gerbi ls showed two, but others three peaks in consumption 
( F i g . 4 ) . 
Figure 3 
Gerbils sampled all the foods offered, but 
the preference for millet was high; other 
foods were consumed in small amounts. 
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Consumption and % tota l consumption of mil let 
by gerbils at 2 hour intervals snowing bimodality 
and trimodality in food cycle of darK period, 
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Figure 5 
Consumption and % t o t a l c « i ^ t i « j M H W 
by gertoils at 4 hour i n t e r v a l s . * « * " • • 
consumption i s recorded between 5 to 9 P.M. 
and minimum i to 5 A.M. 
B | Consumption toy male 
r-j Consumption toy female 
m Consumption toy gertoils in a colony 
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Data of 4-hourly in takes , however, showed a marked bu i ld -
tip between 5 to 9 p.m., followed by decline in consumption during 
the period 9 p.m. to 1 a.m. (F ig .5 ) . Minimum intakes were, however, 
recorded between 1 to 5 a.m., as an increase set in again at the 
end ( F i g . 5 ) . This contradicted the trends discovered e a r l i e r in 
food cycle of gerbi ls by analysis at shorter i n t e rva l s of time 
(Figs .4 and 5 ) . I t was, however, obvious tha t i n t ens i t y of feeding 
did not remain constant . I t had cer ta in rhythms. 
4 . Discussion 
Rodents adapt the most convenient way for eating foods 
(Barnet t , 1975), in an attempt obviously to obtain maximum energy 
in minimum of time (Smith and Follmer, 1972). Thus, the 'methods' 
have an adaptive b a s i s , and are influenced both by s ize of species 
and pecu l i a r i ty of food material (Barnet t , 1969). The effect of 
s ize i s well-shown by the way the r a t s and mice eat wheat, e .g . 
by holding the grain respect ively , longitudinal or at r igh t angles 
to long axis of body (Spencer, 1953). That pecu l i a r i ty of food 
mater ial i s also important becomes obvious from methods displayed 
for eating such foods as Scirpus amercieana by n u t r i a , Mycocastor 
coy pus (Hailman, 1961), or of various kinds of masts by squi r re l s 
(Smith and Follmer, 1972) and voles , Apodernes and Cleithromys 
(Gorecki and Gebczynska, 1962). 
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The ge rb i l s , T^i. indie a. are equivalent to r a t s i n s i ze , 
and resemble them in using one or both hand, or the mouth d i r ec t l y , 
to pick and grab food (Barnett , 1956). The resemblance also 
extends to the manner in which they eat wheat, but the larger 
Pransbeans are held at r igh t angles to body-axis and nibbled, l ike 
mice, at the sides (Spencer, 1953). Thus, the gerbi ls are also 
adaptable, and readily modify eat ing methods to s u i t requirements. 
Such f l e x i b i l i t y perhaps enables them to eat such hard foods as 
prickly -pear, Opuntia d l l l e n i i Hawj during the summer (P ra t e r , 
1965) and seeds of Acasia arabica in winter (Khan, unpubl. o b s . ) . 
Whether th i s contributes to the i r greater success in the natural 
environment, needs, however, fur ther inves t iga t ion . Similar ly, 
the importance of seed-husking in feeding of g e r b i l s , as in 
heteromyid rodents, has also to be studied (Rosenzweig and Sterner , 
1970). 
Apart from •methods', the eating pat terns of gerbi ls and 
r a t s are also not exactly a l i ke . Thus, the gerbi l s do not feed 
in day-time (P igs . 4 and 5 ) , though even wild r a t s can ref ra in 
from i t in some s i tua t ions (Thompson, 1948). Although t h i s 
removes the greates t source of v a r i a b i l i t y in the i r meal pa t tern 
data (LeMagnen and Devos, 1970; Panksepp, 1973), they are observed 
to take large meals in the night which p rac t i ca l l y equal the 
'feeding bouts ' of r a t s (Barnet t , jet jd., 1978). Each meal has 
also marked sa t i a t ing e f fec ts , as the post-meal i n t e rva l s are 
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long (Pig. 2 ) . Such differences are , however, l ike ly in view of 
d i s t i n c t habi ta t s that each species prefers in the natural environ-
ment, and also because of t he i r habits (Barnett and Prakash, 1975). 
Thus, the gerbi ls inhabit open lands often without much 
cover (Pra te r , 1965), where day-time feeding i s not possible 
except on food stored in burrows (Prasad, 1954). They do hoard 
food, but not in a l l seasons (Pra te r , 1965). There i s , however, ' 
no evidence that such food i s eaten, even by the bandicoots, 
Bandicota bengalensls Gray (Roy, 1974). The gerbi l s are also fast 
runners and have a larger home area compared to r a t s (Barnett 
and Prakash, 1975). Thus, although they are hyperphagic and have 
probably high levels of lipogenesis in dark (LeMagnen, e t a l . , 
1973), they have to consume larger amounts of food, than r a t s , 
at each meal. Whether the i r alimentary canal shows corresponding 
modifications, i s , however, not known. 
However, food intake cycle of gerbi ls maintained ad libitum 
under d i s t i n c t dark- l ight conditions shows the same changes as 
have been described for laboratory r a t or wild R. norvegicus 
(Siegel and Stuckey, 1947; Bare, 1959; S iegel , 1961; Barnet t , 1975). 
Thus, consumption in the dark period followed a course largely 
determined by feeding rhythms, which probably coincide with 
periods of maximum general ac t iv i ty (Thompson, 1948; LeMagnen 
and Tallon, 1966). Similar ly, individual var ia t ions noted in 
feeding rhythms of gerbi ls suggest that i t i s a produet of both 
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i n t e rna l and external fac tors (Gilbert and James, 1956; Bolles, 
1967). The important external factor may have been obviously 
l i g h t , or changes in i t with r i s i ng and se t t ing of sun; though a 
convincing demonstration of t h i s corre la t ion has not yet been 
made even in case of laboratory or wild r a t s (Siegel , 1961; 
Barnet t , 19 75). 
These r e s u l t s also throw l i gh t on modal re la t ionsh ip found 
between eating and darkness (Siegel , 1961). I t has been suggested 
thus that unimodality in eating patterns may be found with brief 
dark period, while with longer dark in te rva l s bimodality and 
t r imodal i ty are d i s t i nc t p o s s i b i l i t i e s . In the present exper i -
ments dark period extended to about 16 hr each day. Consequently, 
bimodality and tr imodali ty have also been observed in food cycle 
of gerb i l s (F ig .4 ) . 
Much l ike r a t s , the gerbi ls also display a marked tendency 
to sample foods (P ig .3 ) , The behaviour i s necessary, as referred 
to in the introduct ion, for the formation of favourable feeding 
hab i t s , whether of pos i t ive preference or aversion (Barnet t , et a l» , 
1978). Thus, the feeding behaviour of gerbi l s i s e s sen t i a l ly 
s imi la r to that of r a t s . However, some differences are also obvious. 
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Summary 
The ge rb i l s , l ike r a t s , adept the most convenient way of 
eat ing foods. However, meal pat terns of gerbils and r a t s are 
not exactly a l ike , but the food cycle in gerbi ls i s influenced 
by s imilar in t e rna l and external cues, as in the r a t s . The 
gerb i l s also show a tendency to sample foods, which i s necessary 
for formation of favourable feeding hab i t s . 
CHAPTER - I I 
FEEDING BEHAVIOUR OF GERBILS I I . FOOD PREFERENCES 
1 . I n t r o d u c t i o n 
The Ind ian g e r b i l , Ta te ra i n d i c a i n d i e a, co lon izes bo th 
fa l low land and c u l t i v a t e d f i e l d s , I n the l a t t e r s i t u a t i o n , i t 
causes ex tens ive damage to c e r e a l crops (Ba rne t t and Prakash , 
1975) . Severa l authors have s tud i ed t h e i r feeding h a b i t s , i n the 
f i e l d and a l so under l abo ra to ry cond i t ions (P rasad , 1954; Prakash 
and Kumbkarni, 1962; Prakash, 1962, 1968, 1969, 1973; Prakash and 
Ghosh, 1975). Their d i e t r e p o r t e d l y i nc ludes s e e d s , v e g e t a b l e 
m a t t e r s and i n s e c t s . 
The p re sen t l abo ra to ry experiments were designed to determine 
the p re fe rences of T. i n d i c a for c e r e a l g r a i n s , t h e i r f l ou r and 
p u l s e s , and a l so to a s c e r t a i n the e f f e c t s of va r ious types of 
a d d i t i v e s . Such informat ion i s e s s e n t i a l for the formulat ion of 
a t t r a c t i v e b a i t s for the c o n t r o l of t h i s r o d e n t . 
2 . M a t e r i a l and Methods 
G e r b i l s , T. I n d i c a i n d i c a . were t rapped from fal low land 
around Al iga rh . The animals were sexed, weighed and housed i n 
ga lvanized wire-mesh cages of s i z e 1.12 x 1.0 x 0.3m or a cement 
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tank of 1.8 x 1.5 x 1.2m. Sand in dissect ion trays (26 x 13 x 5cmi) 
was given for bathing. Six bisexual colonies, each of 2 to 5 
ge rb i l s , and 2 females caged singly were maintained for the 
experiments. All were adul t s , ranging in weight from 56 to 188 g; 
females generally weighed less than males. Six days were allowed 
for accl imatizat ion in the laboratory, during which they received 
r a t d ie t 4 1 . Water was given ad l i b . 
The foods tested were commercial v a r i e t i e s of mil le t 
(Pennisetum typhoideum). sorghum (Sorghum vulgare) . wheat 
(Triticum aestivum), barley (Hordeum vulgare) , paddy (Oryza 
sa t iva ) and polished r i c e , and maize (Zea mays) : len t i l (Lens 
cu l ina r i s M e d i c ) , bengal gram (Cicer arie.tinum Linn . ) , green 
gram (Phaseolus aureus* Rqxb.), black gram (Phaseolus mango Linn*), 
and red gram or arhar (Cajanus cajan Linn.) and the husked forms 
of l e n t i l , bengal gram, green gram and black gram; and unextracted 
f lours of mi l l e t , maize and wheat. Polished r i ce and paddy were 
t r ea ted as two kinds of foods. The addit ives - f ructose, glucose, 
sucrose, and o i l of groundnut (Araehis hypogea), were mixed with 
dry cereal bases of moist foods in concentrations of 5% (sugars) 
and 3$ ( o i l ) . Moist foods were tes ted according to Khan (1974). 
Two kinds of foods, weighed to + 5 g, were given at a time 
in a metal l ic food-tray* The residue, including s p i l l a g e , was 
weighed next day. The same food or mixture was not given to any 
colony in consecutive t e s t s . Each t e s t was tone for a minimum 
period of seven days. 
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Seven whole cereals were compared in 21 combinations. 
In the f i r s t s e r i e s of t e s t s , the s ix colonies received mil le t 
i n combination with e i the r sorghum, barley, paddy, wheat, 
polished r ice and maize. In the second se r ies sorghum was 
given with bar ley , paddy, wheat, polished r i ce and maize to 
five dif ferent eolonies . Next barley was s imilar ly compared to 
paddy, wheat, polished r i ce and maize on four colonies* Tests 
were continued in t h i s manner, and the l a s t combination tes ted 
was that of r i ce with maize. Other foods were s imi lar ly tes ted 
in p a i r s , and r ep l i ca t e s were run when poss ib le . 
Calbrif ic values of foods were read from Aykroyd's 
manual (1963), and those of mixtures calculated according to 
Khan (1974). Student»s »tf t e s t (Bailey, 1959) was used for 
ascer taining the significance of preferences observed. 
3 . Results 
Results are summarized in Tables 2 to 6 and Figs. 6 to 9 . 
3 . 1 . Cereal f lours : Millet flour was c lear ly preferred to 
maize flour and wheat flour (P<C0.05)j and maize flour to 
wheat flour (Table 2; P ig .6 ) . 
3 .2 . Cereal f lours and whole ce r ea l s : Cereal flours were 
not cross- tes ted with a l l the seven seeds. In one t e s t , 
however, a surplus of whole mil le t and mi l le t flour was given 
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Table - 2 
Relative consumption r a t i o s when the choice consisted of 
cereal flourswhole grain or two kinds of cereal f l o u r s . 
Calorie equivalents of the daily intakes are also given 
Test No. of 
No. ge rb i l s Pood offered 
Mean 
daily 
intakes 
r a t i o 
Calor ies / 
day 
Total 
ca lo r i e s / 
100 g bod; 
wt/day 
Mil le t flour; 
whole mi l le t 
i : i . 2 5 6 8 . 4 0 ; i i l . 6 0 49.60 
2 4 Mil le t flour;maize flour 1:0.77 108.00 
3 4 Mil le t flour;wheat flour 1:0.15 140.40 
4 4 Maize flour ; wheat flour 1:0.55 126.70 
5 4 ffheat flour;whole mi l le t 1:0.55 143.26 
79.64 31.37 
22.50 27.24 
71.25 33.10 
75.60 36.59 
Figure 6 
Mean dai ly consumption of cereal f lours in 
g/day. Ins ide , bars show the standard e r rors 
of the mean. In one t e s t whole mi l le t was 
preferred to mi l le t f lour . 
' 
0 
Millet flour Maize 
flour 
Wheat 
flour 
45r 
35-
25 h 
hUh 
Fig . 6 
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to a colony of 3 g e r b i l s . The residue was weighed af ter 10 days. 
Whole mil le t was eaten in preference to mi l le t f lour ( F i g . 6 ) . 
But in another colony wheat flour was preferred to whole mil le t 
(Table 2 ) . 
3 . 3 . Whole cerea ls ; Mil let was preferred to bar ley, paddy 
and maize ( P < 0,05; Fig. 7) and more so to wheat, r i ce and 
sorghum, which were completely ignored ( P < 0.05; Table 3; 
F i g . 7 ) . 
Sorghum was only s l i gh t ly preferred to paddy (p < 0.05 ) , 
but much favoured over bar ley, wheat, r i ce and maize in that 
order (Table 3; Fig. 7 ) . 
Paddy and barley were eaten in almost equal amounts (mean 
dai ly consumption - 17.0 + 2.16 g paddy; 16.0 + 1.56 g barley; 
Fig. 7) , but the former contributed a greater percentage of 
t o t a l ca lor ies (Table 3 ) . Both grains were, however, preferred 
to wheat, r i ce or maize ( P < 0;05; Table 3; Fig. 7 ) . Wheat was 
preferred to r i ce and maize (F ig .7 ) ; and r i c e to maize ( F i g . 9 ) . 
Apparently, the order of preference was l inea r , i . e . 
mi l l e t > sorghum > barley > paddy > wheat > r i ce > maize. 
3 .4 . Moist foods? More boiled r ice was eaten than dry mi l le t 
or dry r i c e (Table 4; Fig . 8 ) . 
0 * ~ 
Table - 3 
Whole cereal grains were c ross- tes ted in 21 combinations. 
Ratios of mean daily intakes and consumption due to ca lo r i e s , 
show that the order of preference for them i s l inear 
Test 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 . 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
g e r b n s P o o « <> f f e r e d 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Mil l e t : sorghum 
Mil l e t : bar ley 
Milletspaddy 
Mil le ts wheat 
Mi l l e t s r i ee 
Mil le ts maize 
Sorghums barley 
Sorghum: paddy 
Sorghum: wheat 
Sorghums r ice 
Sorghums maize 
Barleyspaddy 
Barleys wheat 
Barley:r ice 
Barley: maize 
Faddy: wheat 
Paddys r ice 
Paddys maize 
Wheats r i ce 
Wheats maize 
Rices maize 
" i t r * ^ Ca lor ies /* ,* 
r a t i o 
1:0.16 
lsO.50 
ls0.50 
1:0.11 
1S0.08 
1:0.43 
180.38 
lsO.90 
1:0.12 
lsO.io 
180.13 
1:1.25 
is 0.19 
1:0.58 
1:0.62 
1:0.12 
lsO.50 
1:0.37 
lsO.38 
1:0.35 
1:0.62 
135.28:20.94 
85*44:40.32 
121.04:59.50 
92.56810.38 
121.04s10.35 
74.76:30.78 
118.32S43.68 
69.25s56.00 
114.84813.84 
135.72s13.80 
177.48s23.94 
58.76s59.50 
106.07s20.76 
63.84s38.50 
73.92844.46 
112.00813.84 
77.00:37.95 
136.50s47.88 
89.96:34.50 
79.58s27.86 
100.05S61.56 
Total 
c a l o r i e s / 
100 g bod: 
wt/day 
34.18 
34.34 
39.50 
28.10 
36.17 
28.82 
35.45 
34.30 
35.43 
40.85 
44.07 
30.92 
34.74 
27.95 
25.89 
31.45 
28.72 
46.07 
34.27 
29.45 
35.36 
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Table - 4 
The choice of g e r b i l s f o r moist foods compared t o dry foods. 
The,former are ea ten i n r e l a t i v e l y l a rge amounts 
Test No. of _
 n**ay. A
 Mean Tota l 
No. g e r b i l s * oa O I i e r e a d a i l y Ca lo r i e s /day c a l o r i e s / 
i n t a k e s 100 g body 
r a t i o wt/day 
Boiled r i e e : M i l l e t 1:0.13 100.34:14.40 31.33 
Boiled r i c e : r i c e 1:0.62 79.58:48.44 32.00 
Figure 7 
Consumption of cereal grains in g/day, with 
standard e r ro r s shown as ins ide ba r s , given in 
combination of two at a time* Less preferred 
foods were generally eaten in copious amounts* 
34 
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Figure 8 
Boiled r ice was more preferred to dry mil le t 
and drv r i c e . 
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3 .5 . Sweet foods: Soaked wheat+sucrose was preferred to 
p la in soaked wheat (P< 0.05; Table 5; Fig. 9 ) . However, the 
l a t t e r was preferred to soaked wheat+saccharin (Table 5; F ig .9 ) . 
Cereal flours mixed with sugars, except l ac tose , were 
cons is tent ly preferred to p la in what flour (P < 0.5 ; Table 5; 
F i g . 9 ) , in the order fructose sucrose glucose. The lactose 
mixture was rejected (F ig .9 ) . 
3 .8 . Oily foods; Wheat flour+mustard o i l was avoided, while 
the mixture with t a s t e l e s s groundnut o i l was only s l igh t ly 
preferred to the p la in a l t e rna t ive (Table 5; F i g . 9 ) . 
3»7« Falsest The f i r s t choice among pulses presented was 
shown for whole l e n t i l (Table 6 ) , The whole bengal gram was 
preferred next . Husked green gram was selected i n preference 
to other husked grams and whole black gram (P < 0.05) . The 
order of preference was l e n t i l > bengal gram > green gram> 
husked green gram > husked bengal gram ;> husked l e n t i l > 
husked black gram > black gram > arhar (Table 6 ) . 
Regulation of food in take; When caged alone, the gerbi ls 
consumed about 15 to 16 g/100 g body weight/day or 59.02 to 
60.34 calories/100 g body weight/day (Tables 2 to 6 ) . In a l l 
the colonies, however, an excess was always balanced off with 
l e s se r Intakes of food in the following days. 
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Figure 9 
Addition of sugars increased the consumption 
of cereal foods, but not saccharin. Taste-
less groundnut oil affected the preference 
only marginally. 
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41 
4 . Discussion 
The gerbi l s preferred one of the two foods offered. 
But they were eaten in var iable amounts, and mean intakes of the 
l e s s preferred foods differed considerably (Tables 2 to 6; 
P igs . 6 to 9 ) . In some t e s t s , bar ley; paddy, the difference 
was only marginal (F ig .7 ) . That indicated the tendency to vary 
the die t or "omnivory*, which i s advantageous in the na tura l 
environment (Khan, 1974; Barnett , 1975). I t thus helps to 
widen the i r choice of foods, which also include insec t s (Prasad, 
1954; Prakash and Kumbkarni, 1962). 
But the gerbi ls could also concentrate to eat one 
pa r t i cu l a r food, as when mi l l e t , sorghum and l e n t i l were compared 
to wheat or r i ce or black gram or moist foods were presented 
with dry a l te rna t ives (Tables 3 and 4; F igs . 7 and 8 ) . But then 
also the l a t t e r foods were eaten, even though in very small 
amounts. Thus they "sampled'1 a l l the foods avai lab le , including 
those which were eaten very l i t t l e ; much l ike the species of 
Rat tus , R. norvegicus and R. r a t t u s (Barnett , i93f; Khan, 1974). 
Linked to omnivorous hab i t s , such behaviour of "sampling'1 has 
survival value (Barnett , 196$). Foods can thus be t es ted for 
t he i r consequences (Rozin and Kalat , 1971; Barnett , 1975); 
enabling them to se lect "safe" foods and avoid the toxic 
a l t e rna t ives (Prakash and Ja in , 1971), 
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Sampling also i n i t i a t e d perhaps, the rapid changes in 
choice once superior foods became ava i lab le . Compared i n c ross -
t e s t s , the foods were thus selected in a l i nea r order. Un-
extraeted flours of mi l l e t , maize and wheat preferred in the 
order named. In whole ce rea l s , mil le t was much favoured by the 
g e r b i l s , followed by sorghum, bar ley, paddy, wheat, r i ce and 
maize (F ig .7 ) , Tested s imilar ly a given access to several 
choices at a time (Cafetaria feeding), the omnivorous species of 
Rattus also select foods in a l inear order (Barnett and Spencer, 
1953; Barnet t , 196^; Garcia et a l . , 1974; Khan, 1974). 
Of the factors influencing preference, early feeding 
experience (Galef and Clark, 1971) and t ex tu re , t a s t e and ca lo r i f i c 
value of foods are of utmost importance (Barnett and Spencer, 
1953). L i t t l e i s known about the d ie t of Tatera before eapture. 
The influence of tex ture , t a s t e and ca lor i f i c value are, however, 
obvious from the r e su l t s obtained. 
The response of ge rb i l s , unl ike the species of Rattus, 
to finely divided foods was equivocal. Pine texture was a cue 
to "bathing' '; cereal f lours were ra ther taken for sand and the 
gerb i l s ro l led i n them frequently. Texture c lear ly influenced, 
however, the choice shown for whole gra ins . Mil le t and sorghum 
were probably favoured because of t h e i r small s ize and smooth 
consistency (Khan, 1974). Maize was c lear ly re jected for 
lacking both and wheat for being harder ( F i g . 7 ) . Milling of 
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r i ce perhaps hardens the gra ins , and polished r i ce was not 
accepted (P ig .7 ) . Evidently, paddy and barley have a more 
agreeable texture than wheat or r i c e . Moist foods may have 
been preferred for t he i r softness and extra-water , an added 
a t t r a c t i o n in t rop ica l climates (Barnett , 196§; Khan, 1974). 
That t a s t e affected the choice, i s obvious from the 
preference shown for foods mixed with sugars, exeept lactose 
( P i g . 9 ) . I t has also adaptive value; for in na tura l foods 
b i t t e r *aste i s associated with the occurrence of toxic 
a lkaloids and sweet with carbohydrate and starchy substances 
(Garcia, et a l . , 1974). t)f the sugars, fructose being the 
sweetest (Be l l , e t a l . , 1965) was much preferred (F ig .9 ) . The 
ge rb i l s , l ike laboratory r a t R. norvegicus and R. r a t t u s 
re jected lactose (F ig .9 ) . Sweetness due to saccharin was also 
re jec ted ( P i g . 9 ) . "Black" r a t s , R. r a t t u s , also avoid foods 
sweetened with saccharin, but not the "brown* r a t s , R. norvegicus 
(Barnett and Spencer, 1953; Khan, 1974). 
Mustard o i l has a s l igh t ly acrid t a s t e (Khan, 1974) 
and foods mixed with i t are evidently as unacceptable to gerbi ls 
(Fig.9) as they are to "black" r a t s . But then t a s t e l e s s ground-
nut o i l mixtures are only s l igh t ly more acceptable to them. 
This contras ts sharply with the marked preference shown for 
such foods by species of Rattus (Barnett and Spencer, 1953; 
Khan, 1974). 
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Consumption of oily foods also confers ce r ta in advantages, 
as a rapid gain in weight (Barnett , 1966). However, t h i s also 
fa i led to influence the choice of g e r b i l s . But c a lo r i f i c value 
did affect the^ choice for whole g ra ins . The seeds most preferred 
were mi l le t > sorghum > paddyj> bar ley; l e n t i l > green gram, an 
ordering which also r e f l ec t s t h e i r energy value (mi l le t 3.56 ea l /g ; 
sorghum 3.49 ca l /g ; paddy 3.45 ca l / g ; barley 3.36 ca l /g ; l e n t i l 
3.43 ca l /g ; green gram 3.34 ca l /g ; Aykroyd, 1963). 
Apparently, the feeding behaviour of gerbi l s i s s imilar 
to that of the two species of Rat tus . There are, however, 
marked differences in the choice of foods. Finely divided 
cereal foods are not accepted; addition of t a s t e l e s s groundnut 
o i l also f a i l s to make them anymore a t t r a c t i v e . 
Summary 
The gerbils, Tatera indiea, select foods in ai ? linear 
order, mueh like the species of Rattus. Of whole cereals, 
millet is selected followed by sorghum, paddy, barley, wheat, 
rice and maize. Foods sweetened with sugars except lactose, 
are favoured over plain alternatives; saccharin mixtures are 
little eaten. Moist foods have also special attraction for 
gerbils. However, preference for cereals is not much affected 
by the addition of tasteless groundnut oil. This contrasts 
sharply with marked preference shown for such foods by species 
°* Rattus. Among pulses, lentil is preferred followed by bengal 
gram, green gram, black gram and red gram. 
CHAPTER - I I I 
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FEEDING BEHAVIOUR OP GERBILS I I I . CHOICE FOR VEGETANS 
AND FODDER PLANTS 
1. Introduction 
There are now many records of serious damage i n f l i c t e d 
by ge rb i l s , T. indie a, on a var ie ty of ag r i cu l tu ra l crops, 
including vegetables and even fodder p lan ts grown for l ivestock 
(Prasad, 19 5l); Barnett and Pr ale ash, 1975; Bindra and Sagar, 
1977; Greaves, ^et J L I . , 1977; Madsen, 1977; Rajasekharan and 
Dharmaraju, 1977; Rao, et a l . , 1977). I t conveys an impression, 
besides of increasing in fes t a t ion , that they thr ive well an a l l 
kinds of cul t ivated crops; and as a r e s u l t , extensive, i . e . 
equivalent damages, may be expected to a l l (Prakash, 1973; 
Barnett and Prakash, 1975). 
The qua l i t a t ive differences between these foods, as 
cereals and vegetables , a re , however, of the kind which might 
induce se lec t ive feeding by gerbi ls i n the na tu ra l environment. 
Thus seeds, l ike ce rea l s , insec t s or other a l t e rna t ives of high 
energy value may be desirable additions to a d ie t which otherwise 
cons i s t s largely of fibrous p lant p a r t s , as r o o t s , leaves and 
flowers (Prasad, 1954; Prakash, 1962; Prakash, e t a l , , 1967). 
Vegetables, on the contrary are * low-energy" foods (Aykroyd, 
1963), that can be eaten ra ther l i ke leaves or flowers. Whereas 
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cereals may be eagerly sought, vegetables , i t would appear, may 
not be l iked, and raided or damaged, as much as ce r ea l s . 
Therefore, re-examination of such aspects , as choice 
between foods of widely different energy content , as cereals 
and vegetables , and study of the factors which influence t h e i r 
se lec t ion respect ively , in the mixed d ie t of ge rb i l s ; are c lear ly 
required. The choice was analysed by measuring consumption of 
cereals and vegetables in s i tua t ions where both were freely 
ava i lab le . The r e l a t i ve value of foods was experimentally tes ted 
by r e s t r i c t i n g choice to e i ther ce r ea l s , other seeds abundantly 
avai lable in the environment, as of Acasla arable a Wil ld. : or 
only to some vegetables commonly grown in the v i c i n i t y of Aligarh. 
The importance of each has been judged on the basis of conse-
quences that followed, as loss in ' body-weight'» 
The r e su l t s of these experiments are discussed here . 
2. Material and Methods 
2 . 1 . The Subjects: The subjects of wild-caught stock, were 
housed separately in wire-mesh enclosures. They were fed before 
t e s t s on a mixture of ce rea l s , wheat (Triticum aestivum h,) 
and mil le t (Pennisetum typhoides Burm.): with cabbage (Bras sic a 
oleracea) once a week. Water was given ad l i b . 
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Lactating gerbi ls were also included in experiment 2. 
The descr ipt ion of gerbi ls i s given in Table 7. 
2.2« Experimental Procedures 2 to 4 Gerbils , of both sexes, 
were included in one group; and at leas t two groups were used 
i n each experiment. 
In experiment 1, the gerbi ls were weighed and given the 
choice between wheat and one of the vegetables l ike potato 
(Solannm tuberosum), calabash (Laeenaria s i c e r a r i a ) . ridge gourd 
(Lufia acutangula). b r in ja l (Splanum melongena) and pumpkin 
(Cucurbita maxima). The amount of foods consumed was recorded 
dai ly; that of the vegetables on dry weight bas is (Khan, 1974). 
Body weights were taken again af ter 7 to 10 days. 
Access to only one kind of c e r ea l , wheat or mi l l e t , was 
given in experiment 2; and to one kind of vegetable in experiment 
3 . The gerbi l s were weighed a t the s t a r t , and then again after 
va r iab le per iods, from 3 to 7 days or at in te rva l s over several 
weeks. Fodder plants l ike berseme (Serbania aculata) or leafy 
vegetable l ike radish tops (Raphanus sat ivns) were also used. 
The gerbi ls were fed on na tura l foods, as seeds of 
A. arable a i n experiment 4 . Body-weights were taken at the 
s t a r t and then on every a l te rna t ive day, t i l l the experiment 
was terminated at 10 days from s t a r t . 
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The controls were given the same foods, on which a l l 
groups were fed before the t e s t s , e .g . wheat, mi l le t and cabbage. 
2 . 3 . Analysis of Resul ts : Energy value of foods was read 
from Aykroyd's manual (1963); and consumption, both by weight 
and in terms of ca lo r i e s , was calcula ted. 
The r e su l t s were s t a t i s t i c a l l y analysed according to 
methods given by Bailey (1959). 
3 . Results 
Results are summarised in Tables 3 to 10. 
3 . 1 . Selection of cereals and vegetables; In the choice 
between cereals and vegetables , both were eaten by gerb i l s ; though 
in var iab le amounts (Table 8 ) . Thus, some vegetables , e .g . 
calabash and ridgegourd, were r e l a t i ve ly more preferred and 
eaten in larger amounts; while others l ike potato and pumpkin 
were ignored (Table 8 ) . Consumption of ce rea l s , or wheat, as 
c a l o r i e s , was, however, consis tent ly higher i n a l l the t e s t s 
(Table 8 ) . 
However, the consumption of vegetables as ca lo r i e s 
amounted to very l i t t l e (Table 8 ) . Only potato accounted for 
18% of daily in take; and thus the balance or most of ca lor ie 
requirements, were obtained from the cereals (Table S ) . All 
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gerb i l s of the experiment showed increase in body-weight, though 
not, as compared to controls , to s ignif icant levels (Paired 
t t e s t • i .913; P > O . l ) . 
3»2» Effect of Res t r ic t ing choice to cerea ls ; In experiment 2, 
the cerea ls avai lable , wheat or mi l l e t , were consumed in var iable 
amounts; but access to them for short or long periods did not 
produce any noticeable effect on body-weight of gerbi l s (Table 9 ) . 
There was even s l i g h t , but not s igni f icant increase (P > O. l ) , 
in the weight of some ind iv idua l s . 
Mortality on cereal d ie t was, however, observed of two 
l a c t a t i n g gerbi l s (Table 9 ) ; which nevertheless were eating very 
large amounts of ce rea l s , 14.285 + 0.500 g/100 g body weight/day, 
than non-pregnant females, 8.971 + 0.431 g/100 g body weight/day, 
or males, 8.343 + 2.011 g/100 g body weight/day ( P < 0 .05) . 
3 . 3 . Effect of Vegetable Diets ; When the choice was r e s t r i c t e d 
to Vegetables, some species were s t i l l eaten in large amounts, 
e .g . calbash, b r in ja l and ridgegourd, as observed e a r l i e r 
(Tables 8 and 9 ) . Similar increase in the consumption of potato 
and pumpkin was, however, not observed (Table 9 ) . 
Insp i te of excessive consumption of some vegetables , 
a l l ge rb i l s , however, los t weight (Table 9 ) . Maximum reduction 
in body-weight was noticed on the choice of calabash and then 
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on pumpkin, pota to , ridgegourd and b r i n j a l , in th i s order 
(Table 9 ) . 
Vir tual s ta rvat ion followed when the choice consisted 
of e i the r fodder p lan t s , or leafy vegetables . Reduction in 
body-weight up to 20%, was evident by the 3rd day (Table 9 ) . 
However, the t e s t s had to be terminated at t h i s s tage . 
3 .4 . Consumption of Nat oral Foods: Since capture , a l l the 
gerb i l s used were l iv ing in the laboratory. So there was some 
i n i t i a l hes i t a t ion in accepting natural foods as seeds of Acasia 
arabica . Sl ight reduction in weight was also noticed from 2nd 
to 4th day af ter s t a r t (Table iO). However, these seeds were 
eaten freely afterwards and no change in or ig inal body-weights 
was seen af ter a week, or by the end of the experiment. 
This food was also hoarded by ge rb i l s , in very large 
amounts, from 2nd day onwards. 
4 . Discussion 
Feeding habi ts of gerbi l are similar to those of commensal 
and f i e l d r a t s (Pra ter , 1965; Barnett and Prakash, 1975; Prakash, 
1976). I t also eats not only diverse kinds of vegetable matter 
but insec t s too (Prasad, 1954; Prakash, 1962). Given a choice 
thus, i t i s l ike ly to se lect a varied d i e t , l ike other omnivorous 
species (Barnet t , 1969,- 1975). This i s obvious from the 
Table - 10 
Changes in body weight of gerbl ls when offered choice of 
A. arabica seeds in Experiment 4 . 
I n i t i a l weight % Reduction af ter % Reduction 
of the ge rb i l , g 4 days af ter 10 days 
149 Male 
155 , , 
165 , , 
111 Female 
140 , , 
152 , , 
5.37% 
7.75% 
6.07% 
7.21% 
7.15% 
7.24% 
f t"" 
0 0 
consumption of both the choices, cereal and vegetables , i n 
experiment 1; though the cereal i s consis tent ly preferred because 
of i t s higher energy value (P < 0.05; Table 8; Barnett , 1969). 
Gompared to superior a l t e rna t i ve s , however, the vegetable 
species have been preferred, in the order calabash > ridgegourd> 
b r i n j a l > pumpkin > potato; but as ca lor ies consumed the order 
of preference i s potato > r idgegourd> calabash > pumpkinsbrinjal. 
Thus, the preferent ia l order does not ind ica te the differences 
in the energy value of these foods, which are in the sequence, 
potato (0.97 e a l / g ) > pumpkin (0.25 e a l / g ) > b r in j a l (0.24 eal/g)> 
ridgegourd (0.17 c a l / g ) > calabash (0.12 c a l / g ) . I t i s , 
therefore , possible that vegetables , l ike other wet foods, are 
ingested mainly for the i r ex t ra water, of which a l l rodents have 
great need (Barnett and Frakash, 1975). However, pumpkin that 
contains as much water as calabash and ridgegourd (> 90%; 
Aykroyd, 1963) i s eaten in amounts equivalent to potato (Table 8 ) , 
which has a minimum moisture content (Aykroyd, 1963). Possibly 
t a s t e i s also important, though the effects of "previous feeding 
experienceM are l ike ly to be more s igni f icant i n some s i t u a t i o n s , 
as in the natural environment (Barnet t , 1969). 
That the bas i s of se lec t ion of these foods may be 
d i f fe ren t , v i z . , 'energy value ' of cereals and 'moisture content ' 
of vegetables , i s also evident from r e s u l t s of experiments 2 to 4 . 
There i s a de f i c i t in ca lor ie consumption with r e s t r i c t i o n of 
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choice to vegetables (Tables 8 and 9 ) . As a ce r ta in daily 
minimum i s necessary (Barnett , 1975), th i s may have resul ted in 
hunger; the sever i ty of which then influenced the decrease 
noticed in body-weights (Williams and Campbell, i 9 6 i ) . The 
maximum loss obviously occurs on choice of calabash, which i s 
much preferred, i n sp i t e of i t ' s low energy value; and minimum on 
po ta to , which i s otherwise declined (Tables 8 and 9 ) . 
No adverse effects are , however, seen of gerbi l s given 
exclusive access to cereals (Table 9 ) . Temporary weight losses 
incurred on unfamiliar choice of A. arable a seeds, are also 
eventually regained (Table iO). However, these seeds are hoarded 
meanwhile in very large amounts; whereas no par t of vegetables, 
including seeds, i s ever taken to nest-boxes or any other par t 
of the cage. Possibly th is has also something to do with the 
r e l a t i v e value of foods; but there i s no previous l i t e r a t u r e 
to support i t . Of the relevance of these r e s u l t s to feeding of 
gerbi l s in the natural environment, i t can be said that there are 
many subs t i tu tes to vegetables, as leaves, roots and flowers of 
a var ie ty of p lants which may be encountered. But of seeds, or 
foods of high energy value , the only a l t e rna t ives seem to be 
i n sec t s ; which are also widely consumed (Prakash, 1962). I t 
appears thus, that seeds may be essen t ia l components of the d ie t 
of ge rb i l s , as they are of other rodent species , as heteromyids 
(Rosenzweig and Sterner , 1970). Vegetables are no t . Accordingly, 
the gerbi ls switch over to eat ing prickly-pear or seeds of 
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A. arabica, when c e r e a l s for example, are not avai lable (Prater, 
1965, Khan, unpubl. o b s . ) . Both are also hoarded, besides 
c e r e a l s (Prater, 1965; Khan, unpubl. o b s . ) . 
However, what foods are eaten actual ly depends on what 
are avai lable (Barnett and Prakash, 1975); hence the vegetables 
may be eaten as much as c e r e a l s . Moreover, 'omnivory' has several 
other advantages, besides allowing rapid changes i n d i e t or finding 
new sources of food (Barnett, 1969; Barnett, et a l . , 1978). Thus, 
even seeds , or cerea l s are not 'complete d i e t s ' i n themselves 
(Barnett and Prakash, 1975). This i s a l so shown i n our exper i -
ments, when two lac ta t ing g e r b i l s died on choice of cerea l s ; 
though a l l of them did not succumb s imi lar ly (Table 9 ) . Thus, 
the d ivers i ty of nutr ients i s a lso required and the gerb i l s 
forage extens ive ly too to obtain "balanced diet" (Prakash, 1962). 
Yet there i s much difference between vegetables and cerea l s ; 
at l e a s t enough to induce ' s e l e c t i v e feeding' when conditions are 
favourable. 
Any re la t ionship of t h i s , or of food choice of rodent 
spec ie s to i n t e n s i t y of attack and damage-observed i n the f i e l d , 
has not been e s tab l i shed . Some findings are even negat ive , as 
the damage to coconut by species of Rattus (Strecker , ?et "Sal W1 "•**••*> 
1962). Hoever, the natural foods that are extens ive ly eaten, and 
crops that are more suscept ib le to one or other s p e c i e s , have 
been widely recognized (Barnett and Prakash, 1975). There i s a 
great deal of var ia t ion in th i s with respect to regions, which 
i s a lso l ike ly in view of the complexity of environments and 
t h e i r effect on success of pests (Srivastava,1972b). About t h i s , 
our r e su l t s are relevant to some extent . I t i s tha t gerbi ls are 
primary pests of cereal crops (Srivastava, 1972b; Barnett and 
Prakash, 1975); in the absence of which they may depend on natural 
foods, or seeds of pr ickly-pear and A. arablea (Pra te r , i965) . 
They appear to be secondary pests of vegetables and fodder p lan ts ; 
though they may be attacked and damaged equally as c e r e a l s . This 
i s to say that attack on vegetables and fodder p lants i s l ike ly 
to be a 'consequence' ra ther than the ' cause ' of "gerbi l plagues". 
Thus, there are some instances of extensive devastation 
of cereal crops, l ike sorghum, by gerbi ls (Prasad, 1954); but 
of vegetables and fodder p l an t s , none ever of equal importance. 
This has, however, not been clearly recognized in most f ie ld 
inves t iga t ions (as referred to in the In t roduc t ion) . 
Summary 
The gerbils were offered (a) the choice between wheat and 
one of the vegetables, (b) only one kind of cereal, (c) only one 
kind of vegetable and (d) seeds of Acasla arabica. In the choice 
between wheat and vegetables both were eaten. Body weight 
remained same on access to cereal, but lost on choice of vegetables 
Seeds of £. arabica were accepted after some initial hezitation. 
CHAPTER - IV 
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FEEDING BEHAVIOUR OF GERBILS IV| SUGAR PREFERENCES 
1. I n t r o d u c t i o n 
Se l ec t i on of sweet foods has adapt ive va lue (Garc ia , e t a l . « 
1 9 7 4 ) . . From among them, sugars are much p r e f e r r e d by wild r a t s , 
Ra t tu s norvegicus Berkenhout and R. r a t t u s L. ( B a r n e t t and Spencer , 
1953; Khan, 1974; Bhardwaj and Khan, 1978b). Some are a l so cheap 
b e s i d e s be ing e a s i l y a v a i l a b l e and can be used as a d d i t i v e s t o 
b a i t s i n "census" or "poisoning" ope ra t i ons fo r t h e i r c o n t r o l 
( B a r n e t t and Prakash, 1975; Prakash, 1976). The study of sugar 
p re fe r ences of wi ld roden t s h a s , t h e r e f o r e , app l i ed v a l u e . 
I t has o the r impor tant a spec t s t o o , which s t i l l r e q u i r e 
a t t e n t i o n though. Thus, consummatory i n t a k e s of sugars by 
l a b o r a t o r y r a t s a re r e g u l a t e d by both " o r a l " , or t a s t e , and 
" p o s t - i n g e s t i v e * f a c t o r s or s e t of f a c t o r s (Hagstrom and Pfaffmann, 
1959) . Of the two, the former f a c i l i t a t e acceptance while the 
l a t t e r i n h i b i t i t (McCleary, 1953; Shuford, i 9 5 9 ) . This has 
behav iou ra l i m p l i c a t i o n s , t h a t have a l so been ex t ens ive ly analyzed 
(Booth, et j a l . , 1972). I t i s a t o p i c b e s i d e s , of p h y s i o l o g i c a l , 
b iochemical and n u t r i t i o n a l i n t e r e s t s (R i ch t e r and Campbell, 
1940) . 
CO 
There i s considerable l i t e r a t u r e , in any case, on r e l a t i ve 
choice, t a s t e thresholds and consummatory intakes of sugar or n 
saccharin.solut ions by laboratory r a t and wild r a t s (Richter and 
Campbell, 1940; Praffiiinann, 1969; Barnett , 1975; Bhardwaj and 
Khan, 1978). Some i n t e r e s t has been evinced even for s imilar 
s tudies of Mongolian ge rb i l s , Meriones unguiculatus though the i r 
responses to sugars have more often been used for neurophyBiolo-
gica l invest igat ions (Harriman, 1970; Jakinovich, 1976). Nothing 
i s known, however, about the sugar preferences of Indian ge rb i l s , 
Tetera indiea indioa Hardwicke. These are described here . 
2. Material and Methods 
2 . 1 . The Subjects: The subjects were wild-caught stock, housed 
separate ly or as bisexual pa i rs in wire-mesh enclosures, 1.2 x 1.0 x 
0.3 m. They received daily a surplus of cereals (mi l le t and wheat), 
but cabbage once a week. Water was given ad l i b . None of them 
were found pregnant at the time of experiments. Description of 
ge rb i l s i s given in Table* 1. 
2 .2 . Experimental Procedure; Only reagent grade glucose, 
maltose, l ac tose , sucrose, fructose were used; but jaggery was 
purchased from the local market. The solutions (0 .5 to 29.16% 
or 5$ w/v) were prepared in tap water, and allowed to stand for 
some hours before use (Pfaffmann, et a l . , 1954). Fresh solutions 
were prepared each time. 
Table - 11 
escriptlon of 
Colony 
No. 
Experiment 1 
1 
2 
3 
4 
5 
6 
Experiment 2 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
gerbils used 
Weight of 
Female 
101 
120 
90 
180 
80 
113 
100 
80 
70 
144 
174 
M » 
104 
97 
132 
180 
180 
, 132 
152 
114 
90 
in the exper 
gerbils (g) 
Male 
129 
150 
110 
210 
92 
127 
102 
110 
129 
156 
180 
-
110 
120 
140 
195 
182 
140 
159 
128 
95 
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In experiment 1, d i lu t ions of any one kind of sugar, in 
ascending order, were offered to the same pa i rs for successive 
days. Water was given as a l t e r n a t i v e . The s t rength of sugar 
solut ions varied from 0.5 to 9.0$ (difference = 0.5 log un i t s ) 
at the lower range, and from 10.89% to 29.16% (difference = 0.3 
log u n i t s ) above i t . Both the solutions and water in measured 
amounts were presented in s imilar glass-dishes of 250 ml. capacity 
(diameter = 6 n ) . The posi t ion of dishes was a l ternated regular ly . 
Consumption was measured daily and corrected for loss in controls 
kept in empty cages (Bhardwaj and Khan, l978bX 
In experiment 2, pa i r s of gerhi ls were offered the choice, 
at a time, between any two kinds of sugars* The concentration of 
sugars was kept constant, 5% w/v, in a l l t e s t s . Measured amounts 
of solutions were presented in g lass-d ishes , and consumption of 
each was measured daily as in experiment 1. The s i x sugars were 
c ross - tes ted thus in 15 combinations. 
2 . 3 . S t a t i s t i c a l Analysis: Results were s t a t i s t i c a l l y analysed 
according to methods described by Bailey (1959). 
3 . Results 
The r e su l t s are summarised from Tables 12 to 14, and 
i l l u s t r a t e d in Pigs.iO and it, The r e su l t s are described below 
under separate sec t ions . 
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3 . 1 . Loss of Test Fluids} Spi l l ing of f luids was not observed on 
any occasion. However, the gerbi l s often dipped the i r t a i l in the 
solut ions or even walked in to the d ishes . This might have resul ted 
in minor losses , but that could not be measured accurate ly . 
3 .2 . Effect of concentration on intake of sugar so lu t ions : The 
sugars were offered over a wide range of concentrat ions, from 
0.5 to 29.16% (Table 12). This affected in take , but the changes in 
i t , except for lactose were more percept ib le on declining ra ther 
than on the ascending limb of preference function (Fig.10). Thus, 
preferences remained high, with large difference between intake 
of sugar and water, over a ce r t a in range. At higher concentra-
t i o n s , drinking of sugars was gradually reduced; but the intake 
of water also increased in the same proportions (F ig . 10; Table H)« 
However, at the minimum concentration of 0.5% most sugars 
were consumed in equivalent amounts as water. Only maltose was 
c lea r ly preferred ( P < 0 . 0 5 ; Table 12; F ig . i d ) . I t was selected 
over a wider range 0.5 to 23.04% than sucrose 0.5 to 17.64%, 
glucose - 0.5 to 20.25%, fructose - 0.5 to 15.21% or jaggery -
0.5 to 12.96% (Table 12; Fig.fi) . Lactose was, of course, rejected 
at a l l concentrations (Tablel2; Fig. 10). 
Obviously, aversion point reached at the next higher 
concentrat ions, when more water than sugar solut ion was ingested. 
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Figure 10 
% Total consumption of sugars shows the clear 
preference for sugars t i l l a certain range* 
At the minimum concentration of 0,5$, only-
maltose i s preferred over water. Intake of 
water increases after the aversion points. 
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I t followed in the same order, v i z . , 26.01$ for maltose, 23.04% 
glucose, 20.25% sucrose, 17.64% fructose and 15.21% for jaggery 
(Tablel2; Pig.lo). Aversion for sugar so lu t ions , however, i s 
more obvious with further increase of concentrations (Pig.IP). 
3 . 3 . Actual Amounts of Sugars Consumed: The actual amounts of 
sugars ingested at lower concentrations obviously amounted to very 
l i t t l e (Tablel3) . I t reached the 'asymptote' at peak preference 
concentrations as noted previously (Table 13). Troughs in consump-
t ion followed again with reversal i n choice in volume terms 
(Table 13). 
3 .4 . Choice Between Sugars: Although optimum intake of sugars 
was noted at much higher concentrat ions, they were c ross - tes ted 
only at 5% s t rength . Equivocal choices between them were, 
however, not shown by g e r b i l s . Thus, a l inear order of preference 
for the sis: sugars was quite d i scern ib le . Jaggery was preferred 
to a l l other sugars ( P < 0 . 0 5 ; Tablel4; Fig.tf). The next choice 
was shown for fructose, followed by sucrose, glucose, and maltose 
(TableU; Fig. I t ) . Lactose was leas t preferred, or perhaps even 
avoided in some t e s t s . 
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Figure 11 
The choice between sugars shows a l inea r 
preference - Jaggery > fructose> sucrose >• 
g lucose> maltose > lac tose , at 5% concentra-
t i o n . 
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*• Discussion 
In a free choice s i tua t ion , when both sugar and water are 
abundantly avai lable , drinking of weak or hypotonic solutions by 
laboratory r a t s i s influenced primarily by "ora l" factors or 
t a s t e (McCleary, 1953). Thus, intake increases monotonically with 
concentration, strength of sweet t a s t e perceived (Young and Madsen, 
1963). Conversely, drinking of concentrated or hypertonic solu-
t ions i s regulated by post- ingest ive factors (McCleary, 1953); 
Shuford, 1959), which modulate sweetness to cheek dehydration of 
body-tissues elsewhere in the body (Barnet t , 1975). There i s a 
r e l a t i v e increase in intake of water, then reversa l of choice 
occurs across the hypertonic range (McCleary, 1953). 
Thus, large differences in r e l a t i v e in takes of sugar and 
water are usual ly observed on both the ascending and descending 
limbs of preference function (Shuford, 1959; Booth, ^ t a l . , 1972). 
However, an exact in tegra t ion between oral and post - inges t ive 
factors i s not always poss ib le , and the l a t t e r often f a i l to 
overpower the effects of increasing sweetness (Booth, et a l . , 
1972). There i s also some evidence to suggest that consummatory 
in takes of sugars by wild r a t s , at l eas t in the f ree - l iv ing s t a t e , 
are influenced more by t a s t e than other factors (Bhardwaj and 
Khan, 1978). 
( X 
Apparently, the responses of ge rb i l s , T. indie a, to sugars 
presented over a wide range of concentrations also corborate t h i s . 
Thus, large amounts of sugars are consumed even in the hypertonic 
range, and reversal in the pat tern of drinking of respect ive f luids 
follows only when consequences of ingest ing sugars become i n t o l e r -
able (Tablesi2,and 18 ;;Fi£iiO). Taste overpowers the post - inges t ive 
fac to rs , and thus decline in preference at higher concentrat ions, 
as opposed to increased in preference at lower concentrat ions, i s 
more obvious from the r e su l t s ( F i g . i o ) . This i s also indicated 
by consumption calculated in terms of solute weight (Table 13). 
Intake s t a b i l i z e s near the peak preference concentrat ions, and 
declines only when the solut ions become very aversive (Table 13). 
Obviously, t a s t e effectiveness of sugars, and not the pos t -
inges t ive e f fec ts , affected the choice shown in c r o s s - t e s t s . 
Jaggery i s perhaps the sweetest of a l l sugars offered and may have 
been preferred by gerb i l s on t h i s bas is (Tablel4; F i g . l t ) . Then 
the next choice in order of sweetness i s for fructose followed 
by sucrose, glucose, maltose and lactose (Tablel4; F i g . i i ) . 
Maltose has, however, a more effect ive t a s t e (Hagstrom and 
Pfaffmann, 1959). I t was also the only sugar preferred by gerbi ls 
at minimum concentration of 0,5% (Table 12; F ig .10) . 
However, the gerbi ls se lec t sugars in a l inear order, v i z . , 
jaggery ^> fructose J> sucrose >^ glucose >^ maltose > lac tose . 
•Roof* r a t s , R. r a t t u s , also show a l inear preference between them, 
< 6 
but not in the same order, but in one sequence, glucose > sucrose > 
jaggery > fructose > lactose in the laboratory and in different 
sequence, sucrose > jaggery > glucose > fructose > lactose in 
free- l iv ing colonies (Bhardwaj and Khan, 1978b). Perhaps this 
indicates specific differences in choice, or may be even variable 
responses to taste effectiveness of different sugars* More 
investigations are, however, required to classify these points* 
However, the gerbi ls , l ike 'roof1 rats or laboratory rats , 
reject lactose which has a weak taste and hardly any beneficial 
e f fects (Richter and Campbell, 1940; Bhardwaj and Khan, 1978b). 
Summary 
The concentration affects intake of sugars by gerbi ls . 
The intake increases over a certain range, beyond which i t decl ines. 
Both oral and post-ingestive factors seem to regulate consummatory 
intakes. The sugars are, however, preferred in the order -
jaggery y fructose > sucrose > glucose > maltose> lactose. 
Lactose i s rejected at a l l concentrations. The order of choice 
between them i s different from that reported for other rodent 
species . 
o 
FEEDING BEHAVIOUR OP GERBILS V. »B4IT-SHYNESS* 
1. Introduction 
•Wild r a t s ' , Rattus norvegicus and R. r a t t u s , d i s c r i -
minate between a wide var ie ty of foods by the i r t a s t e s and 
tex tures (Barnet t , 1975; Bhardwaj and Khan, 1979). Laboratory 
r a t s , and even Mongolian ge rb i l s , Meriones unguiculatus; have 
even some capacity to choose the be t t e r of a l t e rna t ive foods 
(reviewed by Barnett , 1975). The obverse of the "dietary se l f -
se lec t ion* i s *b a i t -shyness* or avoidance of tox ic foods 
(Armour and Barnett , 1950; Rozin and Kalat, 1971). 
The a b i l i t y to se lec t the favourable foods and avoid the 
harmful a l t e rna t ives , i s perhaps quite general among mammals 
(Lepkovsky, 1948). Thus, the ge rb i l s , Tatera indiea and Meriones 
hurr ianae. also rapidly learn to avoid eating "•poisonous-mixtures" 
and then the p a r t i c u l a r foods used in i t as base (Prakash and 
Ja in , 1971). However, these conclusions have been disputed 
(Cowan, 1978), which may have then varied significance (Chi t ty , 
1954; Barnett and Prakash, 1975). There may not be from p rac t i ca l 
standpoint thus, any loss in efficacy of substances used against 
them, which otherwise hampers control operations against commensal 
r a t s (Bhardwaj and Khan, 1977, 1978, 1979). 
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The "bait-shy" behaviour of gerbils was, therefore, 
examined in a series of experiments using zinc phosphide (Zn0P„) 
o 2 
at the concentration of 0.02$ in cereal b a i t s . The r e s u l t s of 
these experiments are discussed here . 
2. Material and Methods 
The adult ge rb i l s , were trapped from cu l t iva ted f ie lds 
and acclimatised in the laboratory for at l eas t 6 days. They 
were caged alone in wire-mesh enclosures and fed on wheat and 
cabbage. Water was given ad l i b . 
2 . 1 . Experimental Procedure: Each gerbi l was given a choice 
between mil le t and sorghum for a week. The consumption of foods 
was measured da i ly . After t h i s , the mi l le t was mixed with 1.0% 
ground-nut (Arachls hypogea) o i l and zinc phosphide was added to 
mixture at the r a t e of 2 mg/10 g food. Oil was also added to 
sorghum. The controls were given the same foods without poison. 
Results were analysed by the methods described by 
Bailey (1959). 
3 . Results 
Results are given in Tables 15 and 16. 
/ 
( O 
3 . 1 . Selection of Test Foods: Gerbils preferred mi l le t to 
sorghum (P < 0.05; Table 15). Sorghum was not , however, ignored 
but also consumed in considerable amounts. The preference for 
mi l le t became more marked at the end than at the beginning of 
t e s t . 
3 .2 . The Effect of Poisoning: Poison was added to preferred 
food or m i l l e t . The poisonous mixture was, therefore , consumed 
in large amounts on f i r s t day and a lso on second. All exper i -
mental ge rb i l s died, however, by the afternoon of the 3rd day, 
they showed convulsions before death. The amount of poisoned 
food consumed by each var ied, however, considerably (Table 16). 
4 . Discussion 
There are two d i s t inc t behavioural fea tures , ( l ) the 
neophobia and (2) the "bai t-shyness", which protect the commensal 
r a t s from attempts to poison them in t h e i r na tura l surroundings 
(Barnet t , jst j l . f 1975). The "neophobia" has probably developed 
as a resu l t of se lect ion in t he i r commensal existence with man 
(Barnett , 1975). The a b i l i t y to re jec t the "poisoned-baits" i s , 
however, not considered as a product of se lec t ive pressures . 
The behaviour i s , however, more strongly developed in commensals, 
as R. norvegicus and R. ra t ing (Barnett , 1975; Bhardwaj and 
Khan, 1977). 
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Table - 16 
Amount of poisoned food (mi l l e t ) eaten by gerb i l s 
Total amount of 
poisoned millet 
consumed, g 
2i 
21 
18 
16 
14 
16 
Poison ingested, 
mg/100 g body-
weight 
4.0 
3.2 
2.5 
2.2 
2.6 
2.4 
Death, hours 
50 
51 
54 
60 
55 
56 
78 
Thus, there i s only p a r t i a l development of "bait-shy* 
behaviour in ge rb i l s , even in populations in which i t was thought 
to he quite common (Prakash and Ja in , 19 71; Cowan, 1978). However, 
t h i s behaviour i s also absent in some populations as of Aligarh 
(Table 16). This i s , however, not unusual, as many noneommensal 
species , including R. v i l los iss imus do not show these responses 
(Barnet t , 1975). The implications of absence of t h i s behaviour 
t o the survival of th i s species are not c l e a r . 
Thus, the gerb i l s d i f fe r from commensal r a t s and f ie ld 
r a t s l ike the bandicoots, Bandicota bengalensis Gray (Cowan, jejt a l . , 
1977), in lacking "bait-shy1* behaviour. Without sueh powerful 
protect ion against poisons and toxic foods; they may be at the 
disadvantage compared to competing species that develop i t rap id ly . 
Whether i t i s compensated by some other behavioural pa t te rns i s , 
however, not known. However, the control of g e r b i l s , does not 
present the same problems as of other rodent pes t s at p resent . 
Summary 
Experiments on "bai t-shy" behaviour of ge rb i l s were 
conducted, using the zinc phosphide as the poison. But, a l l the 
experimental gerb i l s died, showing the absence of "bait-shy» 
behaviour in Aligarh populat ions. 
CHAPTER - VI 
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FEEDING BEHAVIOUR OF GERBILS VI. HOARDING OF FOOD 
1. Introduction 
The Indian ge rb i l , Tatera indie a (Hardwicke), i s widely 
d i s t r ibu ted , from I ran to India and Sri JLanka; though of the 
s ingle species, several geographical races are recognised 
(Pra te r , 1965; Barnett and Prakash, 1975). I t i s also a pest 
of food crops, which are exploited a t a l l stages of growth. 
Harvest time i s , however, the season of plenty, when large 
amounts of grains are hoarded by i t i n the burrows (Prasad, 
1954; Pra te r , 1965). 
Their hoarding behaviour has considerable economic 
importance (Barnett and Prakash, 1975); but i t has not been 
systematical ly s tudied. We observed the male Indian ge rb i l , 
Tatera indica indica . hoarding a familiar cerea l food, or wheat, 
a f te r receiving exclusive diet of vegetables for a week. The 
r e s u l t s of these experiments are discussed here* 
2. Material and Methods 
2 . 1 . Subjects? The subjects were wild-caught s tock, maintained 
on r a t d ie t and ad l i b water. Juveniles and pregnant females 
were excluded. Of those selected, each occupied a wire-mesh 
enclosure, 1.32 x 1.0 x 0.32 a; provided with wooden nest-boxes, 
30 x 30 x 30 cm, on one side and food and water t r a y s , about 
0.75 m away, at the opposite ends of the cage, 4 males (Mean 
body-weight a 194.25 + S.E. 11.75 g; ranges 175-225 g) and 
4 females (Mean wt. « 149.0 + S.E. 15.0; ranges 127-170 g) were 
included in the experimental group; and only 2 males (wts . = 
150 and 172 g) and 2 females (131 and 162 g) in the control 
group. Replicates were run simultaneously. 
2 .2 . Experimental Procedures Wheat (Triticum aestivum Linn.) 
was given to controls without change; but experimental gerb i l s 
were fed on ( i ) wheat for 7 days ( i i ) and in cont inuat ion, on 
vegetables for another 7 days, ( i i i ) and then on wheat again* 
Of the four vegetables - b r in j a l (Solanum melongena Linn. ) , 
pota to (Solanum tuberosum Linn . ) , calabash (Legenaria s i c e r a r i a 
(Mol.) S t ad l . ) and pumpkin (Maxima cucurbita Duch.), each kind 
was given to one gerbi l of e i the r sex. 
Body-weights were taken at the end of I and I I phases 
of expts, but on a l t e rna te days in the l a s t or I I I phase when 
wheat was offered for the second time. Cages were checked dai ly; 
arid grains hoarded, i f any, were recovered and weighed separately* 
Food consumption was also measured, of vegetables on the basis of 
oven-dried weights* Energy value of foods given was read from 
8 
Jylcroyd's Manual (1963); and methods described by Bailey (1959) 
were followed for s t a t i s t i c a l ana lys i s . 
3 . Results 
Detai ls about the choice and consumption of food wi l l 
be given elsewhere. Changes observed in body-weight of male 
gerb i l s when fed successively on wheat, vegetables and wheat, 
and the amount of wheat hoarded by them in the l a s t phase of 
experiments are , however, p lo t ted in Fig. 12. 
Body-weight of gerbi ls was affected by difference in 
energy value of foods offered, 3.46 ca l /g in wheat compared to 
0.12 to 0.97 ca l /g in vegetables (ilykroyd, 1963). The ' c a l o r i e 
de f i c i t 1 on vegetable d ie t s resul ted in s ign i f ican t weight losses 
(paired f t f t e s t s , F < 0.05) or ' n u t r i t i o n a l deple t ion ' of 
experimental ge rb i l s , for no changes were observed in weight of 
controls simultaneously receiving wheat. 
On the same choices in vegetables, however, the males 
l o s t more weight than females ( ' t ' t e s t s , P < 0.05) , v i z . 14.3$ 
on calabash, 11.3$ on pumpkin, 10.2% on potato and 4.5% on b r i n j a l , 
compared to respect ively , 10.6%, 8,2%, 8.1$ and 3.4$ reductions 
noticed in female body-weights. The loss was, however, recovered 
on access to wheat again (F ig .12) . 
Flgare 12 
Changes in body weight and hoarding scores of 
male g e r b i l s . Females of the experimental 
group also los t weight, hut did not 'hoard1 
any food. 
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Of wheat offered again in place of vegetables , var iable 
amounts were hoarded by the male gerbi l s in the i r nest-boxes, 
125 to 350 g was recovered on the f i r s t day, but larger amounts 
on the following days (P ig .12) . Maximum amounts were stored 
between 3rd to 6th day, when hoarding was gradually reduced and 
stopped abruptly by two of the four males. However, 1.918 to 
2.593 kg wheat was hoarded in 7 to 10 days that the behaviour 
pe r s i s t ed . 
Hoarding scores showed an inverse re la t ion to the increase 
In body-weight of male gerbi ls (cor re la t ion t e s t , F < 0.05) 
except in case of one fed e a r l i e r on b r in j a l ( r » 0.66, P < 0 . 0 5 ) . 
Although s imilar ly reduced in weight, experimental female ge rb i l s , 
much l ike the controls of both sexes, did not hoard wheat. 
Discussion 
Food hoarding by rodents i s a complex a c t i v i t y (Barnett , 
1975)j even though i t may easi ly be provoked by varying degrees 
of food deprivation (McCarty and Southwick, 1974). Sex differences 
have thus been observed in most such experiments with laboratory 
r a t (Morgan, et ja l . , 1943; Herberg, ej; ja l . , 1972), hamster 
(Smith and Ross, 1950b) and Mongolian gerbi l (Nyby, et al,, 1973); 
for the females consis tent ly hoard more than males. 
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Apparently, sex differences In hoarding behaviour indicate 
a division of labour that may have evolved to balance the needs 
of food acquis i t ion . Female hoarding thus provides energy for 
care and nourishment of young; and i s largely influenced by 
hormonal changes underlying maternal ac t iv i ty (Herberg, et a l« , 
1972; Nyby, e t ' a l * f 1973). That high qual i ty of maternal care i s 
provided, becomes obvious from the high r a t e s of hoarding tha t 
oceur with them. 
Hoarding ac t iv i ty of males serves a d i f ferent function, 
of obtaining reserve food suppl ies . I t ' s adaptive value increases , 
therefore , with socia l organisat ion. In the highly gregarious 
Mongolian ge rb i l , as in other rodents l iv ing in temperate climate, 
i t i s timed by decline in gonadal function at the termination of 
breeding season, and ensures suf f ic ient s tores of food for over-
winter survival ( l i c e and Terman, 1972; Nyby, et j i l . , 1973). 
Nutr i t ional factors also supply the drive for the behaviour 
exhibited by male laboratory r a t s (Smith and Powell, 1955). 
I t depends, however, on a hypothalamic mechanism, which i s act ivated 
by long term ' c a l o r i e need' (Herberg and Blundell, 1970). I t would 
appear tha t a s imilar mechanism controls hoarding in male T . i . i nd i ca . 
I t continues for as long as they remain ' n u t r i t i o n a l l y dep le ted ' , 
or undernourished. Changes in body-weight also govern the response; 
which follow an inverted bell-shaped function (P ig .12) . Female 
gerbi l s are not affected; for some preliminary observations show 
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tha t i t depends on pregnancy. 
I t i s obvious from the above that hoarding behaviour of 
male gerb i l s in the natural environment, would coincide with 
periods of 'food s c a r c i t y ' , which continually a r i se for example 
with ro ta t ion of crops in the f ie ld or with change in seasons. 
However, more experiments wil l be needed to c la r i fy whether i t 
i s also influenced at harvest time by food de f i c i t or hunger. 
Summary 
In laboratory enclosures, male Tatera ind ica indica 'hoard' 
a ce rea l , or wheat, for as long as the weight lo s t on previous 
diet of vegetables i s not recovered. The female gerb i l s exhibit 
no such response. 
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REPRODUCTIVE BEHAVIOUR OP GERBILS I . MATING 
! • I n t r o d u c t i o n 
Considerable l i t e r a t u r e e x i s t s on mating behaviour of 
l a b o r a t o r y r a t s and mice (Larsson , 1958; Beach and Ransom, 1967j 
B o l l e s , 1967} Hard and Larsson , 1968). The whole sequence-
i n i t i a t i o n of c o n t a c t s , sexual responses and cu lmina t ion i n 
c o i t u s , i s h igh ly s t e reo typed and provides a c l e a r example of 
a f ixed ac t i on p a t t e r n ( B a r n e t t , 1975). The behaviour i s , 
however, s u s c e p t i b l e to exper imental manipu la t ion , i n s p i t e of 
be ing sub j ec t t o r i g o r o u s hormonal and n e u r a l c o n t r o l (Kagan, 
1955; Beach and Whalen, 1959; Fowler and Whalen, 1961; Whalen, 
1961; Wilson, jet a l # f 1963; Larsson, 1967; Beach and Ransom, 
1967; S inge r , 1968; Hard and Larsson, 1968; Gruendel and Arnold, 
1969; Ba rne t t , 1975). 
The same kind of mating behaviour has been observed i n 
wild type Ra t tus and i n g e r b i l s , Meriones ungu i cu l a tu s and, 
M» h u r r i a n a e (Kuehn and l u e k e r , 1968; J a i n , 1973; B a r n e t t , 1975). 
Thus i n a t y p i c a l s e r i e s , t h e r e a re a number of i n t r o m i s s i o n s ; 
whi le each e j a c u l a t i o n r e s u l t s i n a r e f r a c t o r y pe r iod (Kuehn 
and Zucker, 1968). Thus, i t i s l i k e l y t o be s i m i l a r i n T. i n d i e a; 
b u t i t has y e t to be i n v e s t i g a t e d . Observat ions of i t under 
s t anda rd c o n d i t i o n s are d i scussed h e r e . 
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2. Material and Methods 
The adults were selected from a wild-caught breeding 
stock, but the females were not pregnant at the time of exper i -
ments* They were housed separately in wire-mesh enclosures, 
1.12.x 1.0 x 0.32 m. Each pa i r had access to surplus food and 
ad l ib water. Description of gerbi ls used i s given in Table IT. 
The females were brought in to es t rus by subcutaneous 
in jec t ions of 0.04 mg es t rad io l benzoate (Ciba labora tor ies ) 
i n olive o i l , 24 hour before the t e s t , and i.O mg of progesterone 
(Centron labora tor ies ) 6 hours before i t . No t e s t s regarding 
t h e i r receptiveness was poss ib le , but •ear twitching ' and 
general ac t iv i ty were watched to decide on the i r s u i t a b i l i t y 
for mating experiments. 
Male gerb i l s were selected on the bas is of t e s t i c u l a r 
condit ion. Prominent t es tes with eauda-epididymis lobe prominent, 
were preferred. 
The male partners were introduced i n to cages of hormone 
t rea ted females, and not v ice-versa . Observations were taken 
continuously for 3 hr af ter introduction of males at the sunset 
t ime. Observations for same duration at the same hours, were 
also taken on the following 2 days. 
A longer photoperiod, 16 hr , than the normal 12L:12D 
cycle, was also t r i e d for inducing e s t r u s . 80 Watt bulbs were 
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Table - 17 
Description of gerbils used in experiments 
Pair No. Body weight (g) 
Female Male 
i 
2 
3 
4 
5 
7 
8 
125 
127 
132 
134 
136 
140 
140 
142 
130 
130 
133 
135 
136 
148 
147 
150 
80 
l ighted over the cages of both sexes for 4 days following which 
they were pai red. Observations were taken as described above. 
3 . Results and Discussion 
Six mating groups with hormone t reated females, and two 
with females exposed to l igh t dai ly for 4 ex t ra h r s , were 
observed. However, mating was not seen in any of e i t h e r groups. 
The f i r s t contact s t a r t ed , as in r a t s , with males sniff ing 
and l icking the external geni ta ls of females. However, the 
females responded by ' r e j e c t i o n ' , when males were kicked in a 
typica l action as described for other species (Barnet t , 1975). 
They were, however, chased by males. The females then turned 
and s t a r t ed ' spa r r ing ' (Zueker and Goy, 1967). Females sat on 
haunches, or stood, to push back the male approaching in half-
standing, or standing posture, with fore-hands. The males 
1
 foot-stomped' before approaching again, l ike the Mongolian 
ge rb i l s (Kuehn and Sucker, 1968). 
Incidental observations, however, showed that the mating 
behaviour of T. indie a may be s imilar to that of laboratory r a t 
or other gerb i l s (Kuehn and Zueker, 1968; Ja in , 1973; Barnet t , 
1975). But more invest igat ions are c lear ly needed to c la r i fy 
and prove i t . 
e n 
Summary 
The mating behaviour of T. indie a was studied through 
bringing the females in to es t rus by subcutaneous in jec t ions of 
es t rad io l benzoate and progesterone hormones. However, mating 
was not observed in any of the experimental p a i r s . The females 
responded negatively, when males licked the external gen i ta l s 
of the females. The males 'foot-stomped' to approach again. 
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REPRODUCTIVE BEHAVIODE OP GERBILS I I . PAPER SHREDDING 
1. Introduction 
The Mongolian ge rb i l , Meriones unguieulatus, ' shreds and 
chews paper, straw and th in pieces of wood'; which are then used 
in l i n ing the i n t e r i o r of beakers or cans placed in the cage for 
nes t ing (Clickman, et a l # , 1967). The Indian g e r b i l , Tatera 
ind lca ind ica (Hardwieke), shows similar behaviour; but quant i -
t a t i v e estimates of i t are lacking. 
Results of experiments designed to study t h e i r shredding 
behaviour, are discussed here . 
2. Material and Methods 
2«1. Subjects; The subjects were wild-caught stock; housed and 
maintained as described e a r l i e r (Kumari and Khan, 1973). Each was 
given a nest-box, 20 x 10.5 x 9 cm. All were kept in a room where 
dai ly air-temperatures varied from i8-23°C and •dark1 period from 
10 to 12 h r . Description and number of gerbi ls included in each 
experiment, i s given in Table 18. 
2 .2 . Nesting Mater ia l : Bond paper sheets , 29 x 23 cm, were 
offered for nest ing at posi t ions away from the nest-box in the 
evening hours. I t was recovered, when required, at the same hours. 
i 
f ab le - 18 
Number, Sex and Weight of the g e r b i l s used i n the 
exper iments . 
Experiment No, of Gerb i l s «
 t , Mean Body-weight 
No. Male Female w (g + S .E . ) 
i 
2 
3 
6 
8 
9 10 19 
(3 Pregnant ) 
5 7 12 
(2 Pregnant ) 
4 4 8 
6 6 12 
(2 Pregnant ) 
2 2 4 
4 
14 18 
143.0 + 6.244 
(130=160) 
139.578+8.725 
( 63-200) 
155.66 + 5.845 
(113-190) 
155.625* 7.366 
(113-178) 
152.833+ 5,625 
(123-190) 
140.0 • 5 .3 
( l30-*55) 
168.75 +17.983 
(131-200) 
153.444+ 8.495 
(100-213) 
an 
2»3. Experimental Procedure: 
Expertmeat It An observer ( E ) watched the method of shredding 
paper, from 'concealed' posi t ions in the night* 60-Watt. red 
bulbs were used for i l lumination* 
Experiment 2; Daily shredding ac t iv i ty was estimated by weighing 
the amount of paper shredded from a surplus given on the preceding 
nights* Observations were repeated for 10 days on each gerbil* 
Experiment 3 : Amount of paper used, each day, i n l in ing the 
nest-boxes was weighed separately from paper recovered outside, 
or in cage for 10 days. 
Experiment 4: Daily record was taken of the amount of paper 
shredded ( i ) by gerbi ls given nest-boxes stuffed with 20 g straw 
(Expt* group), (2) and by gerbi ls offered nest-boxes without straw 
(control group). 
Experiment 5: Shredding of paper was observed ( l ) in cages 
without nest-boxes (Expt* group), (2) and in enclosures containing 
one box each (control group). 
S4 
Experiment 6s Choice in shredding material was observed 
between ( l ) paper scented with v a n i l l a and p la in paper, (2) and 
paper t reated with i n sec t i c ides , DDT and BHC, and p la in paper; 
each for several days. 
Experiment 7s Paper from nests of males and females, was 
exchanged between them. Pla in paper was given as the a l t e rna t ive ; 
and select ion of material observed for a number of days. 
Experiment 3: In te rac t ion of shredding with socia l behaviour 
pa t t e rns was observed in cages placed close and p a r a l l e l to each 
other in a row (Expt. group). The subjects allowed in neighbouring 
cages were e i the r ( l ) only males, (2) females, (3) male and female 
ge rb i l s in a l te rna te cages, (4) or male gerbi ls and male 'b lack ' 
r a t , Rattus r a t t u s L. in s imilar posi t ions ( P i g . i 3 ) . Gerbils 
• i so la ted ' by put t ing wooden p a r t i t i o n s between the cages, served 
as con t ro l s . Amount of paper shredded in each s i tua t ion was 
noted da i ly . 
2 .4 . Analysis of Results? I t was analysed according to methods 
described by Bailey (1959). 
Figure 13 
Cages (0.76 x 0.3 x 0.3 m) used, arranged here 
p a r a l l e l to each other in row ( t h i s arrangement 
was only followed in Expt. 8 ) ; and gerbi ls 
res id ing in adjacent cages were v i s i b l e to each 
other , across the wire-mesh. 
Fig . 13 
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3 . Results 
The r e s u l t s are i l l u s t r a t e d from Pigs.14 to 2 i ; and of 
Expt. 3 summarised in Table 19. 
3 . 1 . Behaviour; As observed in Expt. 1, sheets of paper were 
grabbed by teeth and dragged towards the next-box. Running with 
sheets continued t i l l most, or a l l , of paper was transported to 
tha t end of cage. 
Paper was • torn ' while l i f t i n g the sheets by tee th and 
pressing i t simultaneously with fore-paws. Held between the paws, 
i t was also 'chewed' or cut rapidly by teeth ( inc i so r s ) as the 
head moved around from one side to the o ther . 
Chewed paper, unl ike that torn , showed considerable 
uniformity in s ize and appearance of the pieces (Pig . 14). Both 
kinds of shredded matter were, however, taken in to nest-box. 
3 .2 . Daily shredding ac t i v i t y : The amount of paper shredded 
dai ly by gerbi ls var ied widely (means = 0.750 + S.E. 0.750 g to 
76.570 + S.E. 10.614 g/day; P ig . 15). Pregnant females shredded 
the maximum amounts, followed by non-pregnant females and males 
(F ig . 15). Variat ion observed due to sex was s t a t i s t i c a l l y 
s igni f icant ( ' t* t e s t , P < 0.05) . The behaviour was also present 
i n juven i l es , though not to a measurable extent . 
Figure 14 
Paper offered in sheets measuring 30 x 30 cm; 
as Horn' (right) and 'chewed' (left) by 
gerbils, T. indica. 
v> -4 
Pig. 1* 
Figure 15 
Histograms above show the dal ly shredding 
a c t i v i t y of gerb i l s included in Expt. 2; 
means (X: | ) with enclosed white bars 
representing standard e r rors of means 
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3 , 3 . 'Lining ' of nest-boxes by material shredded: Of paper 
shredded each day, most was recovered from nest-boxes of gerbi ls 
(Table 19), Only the pregnant females l e f t a surplus behind; 
and so did, in negl ig ib le amounts, the gerbils caged in pa i r s 
(Table 19). 
The larger ' t o rn ' pieces of paper were kept on the s ides ; 
while chewed matter was heaped below on floor of nest-box 
(P ig .16) , The l a t t e r was also used in plugging the entrance to 
i t , during day-time. In case of more than one nest-box in the 
cage, only that used for sleeping was l ined . Others were ignored. 
3 .4 . Effect of l in ing the nest-boxes with straw: Gerbils given 
access to nest-boxes already l ined by straw, ignored the paper 
offered outside in the cage for shredding; con t ro l s , shredded the 
paper and used i t for l in ing the nest-box as usual ( ' t ' t e s t , 
P < 0.001; P ig .17) . 
3 . 5 . Effect of removal of nest-boxes on shredding: Removal 
of nest-boxes from the cages, resul ted in marked increase of 
shredding a c t i v i t y ; when the material shredded was also used in 
making nest at corners of cages. Pregnant females made larger 
nes t s than other adu l t s . Controls, each with one nest-box, 
showed no similar responses (Pig . 18). 
100 
Table 19 
The table gives the amounts of shredded paper recovered 
from nest-boxes or outside of i t , in the eages of gerb i l s 
of experiment 3 , 
Descr ip-
t ion of 
g e r b i l s 
140 Male 
150 , , 
134 Female 
140 , , 
Amount of 
shredded paper 
recovered from 
nest-box 
g + S.E./day 
4 .612 + 
6.320 • 
5.230 • 
12.750 + 
170 Pregnant 33• 750+ 
165 , , 
188 Male, 
180 Female 
190 Male, 
113 Female 
148 Male, 
150 Female 
21.320+ 
2.750+ 
2.875+ 
15.500+ 
0.240 
1.410 
0.820 
0.610 
5.033 
2.310 
1.370 
0.630 
2.060 
Amount of 
shredded matter 
l e f t in the cage 
g + S.E./day 
mm 
-
-
-
6.820 + 1.410 
4.120 • 0.210 
0.875 + 0,000 
2.375 + 0.820 
2.160 + 0*820 
Total amount 
shredded daily 
g + S.E. 
4.612 • 0.240 
6.320 + 1.410 
5.230 + 0.820 
mm 
12.750 + 0.610 
mm 
40.570 • 4.610 
25.420 • 4.720 
3.625 + 1.400 
5.250 + 0.840 
17.660 + 2.910 
Flgare 16 
Shredded paper as i t was used in l in ing 
the wooden boxes (20 x 10.5 x 9 era) given 
for nes t ing . 
VJ 
Fig. 16 
Flgare 17 
Paper shredding by gerbi ls of Expt. 4, 
da l ly ( r i g h t ; X • S.E.) or in a week 
( l e f t ) , when given access to nest-boxes 
stuffed with straw, and boxes without i t . 
Paper offered to gerbi ls in the former 
group, was almost ignored. 
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Figure 18 
Effect of removal of nest-boxes on shredding 
act iv i ty (2j+ S.E.) i s shown by histograms above* 
Gerbils without nest-boxes, shredded large 
amounts of paper for making nests at corners 
of cages. Females 153 & 131 g* were pregnant. 
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3
»
6
» Choice of nesting materials In Expt. 6, paper scented wi 
v a n i l l a was i n i t i a l l y ignored; but then chewed in small amounts 
(paired ' t ' t e s t , P< 0.05; P ig .19) . Paper t r ea ted with i n s e c t i -
c ides , was, however, re jected in the presence of p la in a l t e rna t ive 
( P < 0 . 0 5 ; Pig. 19). 
3 .7 . Shredding of nest-paper: Torn paper from female n e s t s , 
was p re fe ren t i a l ly chewed by male gerbi l s (P < 0 .05) . Faper from 
t h e i r nes ts was, however, ignored by the females; which shredded 
only the pla in paper (P<0 .05 ; F ig .20) . 
3 .8 . Faper shredding as displacement behaviour; Male gerbi l s 
of Expt. 2, unl ike females, spent considerable time in pa t ro l l i ng 
the s ide-walls preventing 'approach* or ' a t tack 1 on conspecifics 
seen in neighbouring enclosures. They also made attempts to crash 
through the mesh, and to cut the wires; paper was vigorously 
chewed af te r such attempts. Complete indifference was, however, 
shown to 'black* r a t , R. r a t t u s , i n s imilar pos i t i ons . 
Thus, male gerb i l s occupying adjacent cages shredded more 
paper than males housed a l t e rna t ive ly with female gerbi l s or 
'black* r a t , R. r a t t u s , in pa r a l l e l enclosures ( ' t ' t e s t , P< 0,001; 
P i g . 2 i ) ; or controls i so la ted with p a r t i t i o n s between the i r cages 
(P< 0.001). No similar changes were observed in shredding 
a c t i v i t y of females, which varied from 11.271 • S.E. 1.700 to 
18.350 + S.E. 4.270 g/day. 
Figure 19 
Amounts shredded dai ly in a choice between 
p la in paper and paper scented with v a n i l l a 
or t rea ted with in sec t i c ides ; means with 
standard errors of means. 
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Figure 20 
Preference of male gerfcils for nest-paper 
of females, i s shown in histograms above; 
means amounts chewed dai ly with standard 
e r rors of means* 
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Figure 21 
Male gerbils residing In adjacent cages 
shredded more paper (A) than males housed 
alternately Tilth females (D) or 'black' 
rat , R. rattus, (C) or controls ( B ) 
IsolaTed by wooden partitions between the 
cages. Histograms show means with standard 
errors of means* 
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4 . Discussion 
Paper offered to ge rb i l s , T. X. indiea , was ' t o r n ' and 
'chewed' i n ' s te reotype act ions ' of forepaws and mouth. Chewing 
reduced paper in to an uniform mater ial ; when each piece with 
serra ted margins, or marks of tee th , measured about 25 x 6 mm 
(F ig .14) . I t was fluffed by 'nosing' or set by 'thumping' (Barnett , 
1975); and also picked up by mouth to be placed at desired 
pos i t ions . 
Shredding thus, always preceded l ining or making of n e s t s . 
Both sexes made nes t s , and hence chewed paper. The behaviour was, 
however, more pronounced in females, special ly when pregnant 
(P ig .15) . However, shredding scores dropped when sexes were 
caged together; for probably more time was then spent in courtship* 
The material shredded then was also not used in l in ing and l e f t 
outside in the cage (Table°19). 
Nests were eas i ly made by T.i» indiea without support; 
but shredding ac t iv i ty increased to compensate for the larger 
amount of material required (Pig . 18). I t i s , however, not known 
whether gerbi ls ever nest overground, under thick cover of 
vegetat ion for example; when such behaviour may be helpful . 
I t i s , however, very l ike ly that in the natura l hab i t a t , 
burrows, as boxes in our Experiments, are l ined by shredded 
vegetable matter . Thus, s imi lar analogous behaviour in the 
100 
laboratory i s also shown by Mongolian gerb i l s (Qlickman, et a l« . 
1967), The behaviour also disappears when the 'goal* i s f u l f i l l e d , 
as for example on access to nest-boxes already l ined by straw 
(F ig .17) . 
The paper i s , however, ignored when of 'unfamil iar ' or 
'of fensive ' smell, and probably t a s t e as well (F ig .19) . Probably 
more than one sense i s involved in the se lec t ion of nest ing 
mate r i a l s . At t ract ion of male gerb i l s to paper smeared by females, 
appears s ign i f ican t , however, in another context . Probably af ter 
court ing and inseminating females, male gerbi ls also a s s i s t i n 
nes t -bu i ld ing . More experiments are , however, needed to c lar i fy 
t h i s po in t . 
Results of experiment 3 show that in te r rup t ion of at tack 
by males on other males caused greater ' a rousa l ' than fo i l i ng of 
t h e i r attempts to approach females. Therefore, paper was also 
shredded in var iable amounts ( F i g . 2 l ) . Evidently, in ge rb i l s , 
3M« ifldlca« not only ' speci f ic recognit ion ' but cor rec t i d e n t i -
f ica t ion of sex i s also made at a d is tance . Thus the presence of 
another rodent, R. r a t t ug , in neighbouring enclosures evoked no 
response (Fig. 21). 
In any case, i t i s c lear that shredding of nes t ing material 
forms a d i s t i n c t feature of nes t -bui ld ing ac t iv i ty in T.i, indica; 
but i t also acts independently with other behaviour p a t t e r n s . 
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Summary 
Nesting material l ike paper i s also shredded, or •torn* 
and •chewed' by the Indian ge rb i l , Tatera ind ica ind iea . 
Shredded paper i s used in l in ing the i n t e r i o r of nest-boxes; 
and in i t ' s absence, for making nests at corners of cage. An 
important component of nes t -bui ld ing a c t i v i t y , shredding also 
acts with other behaviour p a t t e r n s . 
CHAPTER - I X 
in 
REPRODUCTIVE BEHAVIOUR OF GERBILS I I I . TYPE OF NESTS MADE 
1. I n t r o d u c t i o n 
Most rodent s p e c i e s s t u d i e d , mice or l abo ra to ry r a t s 
and wi ld type R a t t u s , make two k inds of n e s t ; a small ' s l e e p i n g ' 
n e s t , and i n c o n t r a s t , b igger or even s u b s t a n t i a l ' b rood ' ne s t 
( K o l l e r , 1956; F a r r i s and G r i f f i t h , 1962; Walkey, 1973; Mann 
and Bindra, 1975; B a r n e t t , 1975). There are d i s t i n c t seasonal 
d i f f e r e n c e s i n s i z e of n e s t and type of n e s t cons t ruc ted by 
Mongolian g e r b i l s , Meriones u n g u i c u l a t u s ; but t he re i s ha rd ly 
any d i f f e r ence on account of sex, or r ep roduc t ive cond i t i on 
( V i c t o r i a , 1973). 
Nothing i s known, however, about the type of n e s t s 
b u i l t by g e r b i l s , T. i n d i c a . Desc r ip t ions of the same with 
nest—building behaviour are given h e r e . 
2* Ma te r i a l and Methods 
Adult g e r b i l s from a wi ld-caught s tock , were s e l e c t e d 
and housed i n wire-mesh e n c l o s u r e s , 1.32 x 1.00 x 0.32 m,or 
0.75 x 0.35 x 0.35 m. The cages were covered on e i t h e r s ide 
by b lack paper . Pregnant females were a l so housed i n a l l -
g l a s s aqua r i a , 0.90 x 0.45 x 0.35 m; covered s i m i l a r l y with 
paper to reduce d i s t u r b a n c e . The g e r b i l s were fed on c e r e a l 
g r a i n s and cabbage. Water was given ad l i b . 
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Bond paper sheets , 29 x 23 cm, were given for nes t ing . 
The cages were checked da i ly . Observations on males, non-
pregnant females and pregnant females were taken separa te ly . 
On a l te rna te days, the res idents were trapped and removed 
from the cage. The nest found inside was sketched or photo-
graphed, and measured in cm. I t was then taken out and weighed 
on an open pan-balance. After t h i s , the nest ing mater ia l , with 
some fresh paper, was returned to the cage. The gerbi ls were 
also re leased. All operations were completed between 5 to 7 F.M., 
at the onset of dark phase. 
The time taken by gerbi l s in re-bui lding the nest was 
noted each time, using iOO-Watt red-bulbs as source: of 
i l luminat ion . 
The nest of matrons was disturbed daily t i l l the young 
were weaned, to study obviously the in te rac t ion of maternal 
care and nes t -bui ld ing . 
The methods described by Bailey (1959) have been followed 
for s t a t i s t i c a l analysis of r e s u l t s . 
3 . Eesnlts 
The r e su l t s are summarised in Tables 20 and 21 and nest 
types are i l l u s t r a t e d from Pigs , 22 to 24. 
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3 , 1 . Nest -ba l l ding Behaviour: The nest was constructed at 
points not d i rec t ly affected by draught; and when i t did, i t 
was moved away. The nest ing mater ia l , or paper, was shredded 
before use . I t was carr ied in the mouth, but diverse methods 
were used in arranging i t . The material was s e t t l ed by s t e r eo -
type pat t ing with forefeet , moved by 'nosing1 and kicking. 
The height was, however, raised by 'crawling under* the shredded 
mate r ia l . 
The matrons e i ther leapt out from the nes t , or s l i d 
away beneath the nest wall on any one s i d e . The material was 
rearranged, or the nest covered from above before moving away. 
3 .2 . Effect of Temperature on Nest-building: The pregnant 
females, specia l ly during the l a t e s tages , made a large nest 
i r r e spec t ive of prevai l ing temperatures. I t was further 
elaborated af ter p a r t u r i t i o n . 
However, the nest -bui lding of males and non-pregnant 
females was caffectedd by temperature. Thus, the same gerbi ls 
used small amounts of paper during the summer, or month of 
June, and very large amounts in winter, or the month of December 
(17.40 + 1.06 g; 77.00 + 13.09 g ) . The difference was also 
highly s igni f icant (F±2 ±± = 79, F < O.OOl). 
Winter nes ts were, however, b e t t e r constructed and more 
typical of the species (described below) than summer n e s t s . 
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3 . 3 . Type of Nests Made by Gerbilst The male gerbi ls made 
always a hollowed out, saucer-shaped nest (P ig .22) . The material 
was fluffed for hiding beneath when further protect ion against 
cold was required. This was not necessary otherwise, during 
warmer condi t ions . 
Non-pregnant females, which included some v i rg ins 
(95 and i l l g ) , constructed a smaller nest which also showed 
a prominent central cavity (Pig.23; Table 20), This was 
refashioned in to a 'dome' lilce s t ruc ture following p a r t u r i t i o n , 
or post-partum (Fig .24) . 
Thus, there were clear differences of dimensions of nest 
and nest types between the two sexes (Table 20). The differences 
became more marked with pa r tu r i t i on (P ig .24) . S t a t i s t i c a l 
comparisons showed that these approached s igni f icant l eve ls ; 
and could be used, under cer ta in circumstances, even for i d e n t i -
f ica t ion of sex (Table 21). 
3 .4 . Rebuilding of Nest* The sca t tered nes t -mater ia l was 
paid no immediate a t ten t ion on re turn by males and non-pregnant 
females. Latencies to re-building extended from 40 min to 
several hours. 
However, the pregnant females in advanced s tages 
spec ia l ly , were seen to pick up paper within 5 to 15 min 
(n a 10, mean latency » 7.351 • 3.412 min) and the nest was 
remade in i to 2 h r s . However, the matrons wasted no time, 
a 
f 
on 
o 
tn 
© 
a 
9 
ft 
09 
a> 
iH 
a 
© 
© 
ti O 
£3 
• d 
§ . 
fcl 
09 • 
© 0 1 
iH 
a 
so 
© 
-o a 
© 
o o 
+» 
09 
C 
O 
09 
u 
o 
u O 0 
+> *J 
09 M 
Q <B 
a >o 
O 4» 
09 
09 
s» 43 
o +> 
•H TJ 
CO P 
C IQ 
a 8 
•H 0 
fig 
4-1 
o 
+» 
S T3 
I 09 • 3 W 
u m 
o 
© +> 
> Ed 
i-t 9$ • 
+ 1 
BJ 09 
OJ a) 9 
«H 
o 
+» £1 
bO 
•H 
© 
W 
§ 
© 
a 
03 
• 
05 
+ » 
a o 
• t 
09 
© 
c 
* 
O +1 
* a © o 
+» 
© -
CO 3 09 
© -rt © 
3 *0 S3 
© 
ca 
p +» • 
43 00 
§ •H 4-1 
© © 
3 fc hO 
09 M 
V l r t © 
O i-l 09 
42 
• JM TS 
O © C 
S5 bflS 
JO 
to 
o 
• eo 
+1 
o 
o 
o 
• 
o 00 
CO 
lO 
T* 
• 
t. o 
o 
o 
• 
•** 
t -
<M 
<3> 
•«* 
• 
i CO 
CD 
CO 
• O 
•H 
1 
•H 
T* 
00 
• 
o 
+1 
o 
o 10 
• 
• < * 
t -
b-
rH 
• O 
+ 1 CO 
CO 
•H 
• 
•H 
ca 
•H 
00 
•H 
1 
CO 
CO 
*H 
CO 
eo 
*-
& 
CO 
eo 00 
• 
•H 
CO 
rH 
09 
© 
IH 
0j 
SB 
CO 
eo 
o t -
• 
o 
4-1 
eo CO 
eo 
• 
t -
o 
oo 
eo 
* 
o 
4-1 
CO 
CO 
•H 
• 
00 
t -
00 
to 
• 
o 
• 1 
CO 
eo CO 
• 
t -
T-l 
CM 
t -
rH 
1 
to 
01 
£> 
t -CO 
ft 
•12
 
o 
o 10 
• 
-H 
CO 
TH 
09 
© 
fH 
CC 
a © 
•> 
to 
•H 
00 
PI 
• 
o 
• 1 
o to 
t -
* 
00 
-H 
ao 
eo 
• 
o 
• 1 
o 
«0 
CM 
• 
to 
•<* 
CO 
• 
o 
• 1 
o 
o 
o 
• 
CO 
rH 
•<* 
eo 
•H 
1 
•H 
•H 
r4 
<H 
05 
•H 
t« 
CO 
CO 
•H 
• 
eo 
<N 
•H 
09 
© 
iH * - * 
<s i a 
fi4»S 
© CO - P b
.£S 
* w ft 
w 
0 
a 
0 
S 2 
0 fl 
0 toO 
£ 0 
© ft 
,e I 
d 
#** o 
-a a 
0 
90 T3 
d d 
«J 09 
•H 0) 
U iH 
0 ) CO 
•H a 
CO V 
S Vi 
Vl •*> 
+» d 
S3 &0 
3 0) 
2 h 
lib 
- d 
a 
9} 
d 
o 
•H 
» d 
09 
© 
iH 
cU 
a 
^ 
o 
09 
8 ) H 
a 
•H 
03 
a 
"O *d 
© « 
d d 
. ^ v i 
o *H 
o 
09 m 
0 "d 
*» d 
•H 
» ,« +» 
d 
© U 
u © 
ft-n 
•d 
09 
09 S 
U «rt CO > 
ft«H 
a •© 
o d 
r 
a 
0 
0 % 
+» © 
fit 
d 
o 
09 
•H 
JU 
a3 
ft 
a 
o 
o 
Vl 
o 
» 
+» 
.. 
•d 
CD 
09 
d 
iH -P 
(0 09 
i-l <D 
h d 
© 
* » V I 
Ctf O 
a 
+» V I X) 
O $0 
•H 
+» © 
d a d 
o -d 
^ 3 
•P 
A 
WJ 
•H 
© 
w 
•d 
9 
^ © +» 
-M CO 
© (0 
S« 
•H V) 
Q O 
•d © 
CO 
s 
iH 
« « 
sn 
© 
fc-£ © CO 
+» a © 
a "H 
<e o 
•H 
« + * 
d 
+» d 09 O 
© a 
SZ5 « 
i o 
• « • 
o> 
• IO 
CM 
« 
IO 
O 
• CO 
•H 
IO 
IO 
0> 
• CM 
CM 
CD 
CM 
O 
• t -
00 
00 
00 
CO 
• to 
00 
OJ 
CM 
00 
• CO 
•H 
CO 
00 
• CO 
•H 
o 
IO 
-H 
• 
• « < 
• « # 
n« 
o> TS 
• 
"* CM 
S> 
© 09 
U 0 
09 
« 
(0 
a 
© 
Vi 
a 0 
% 
© 
§ 
CO 
t 
o 
o 
Vi 
© 
09 
© 
r-f 
d 
a 
P^rl I cd 
d a 
o © 
5 5 * 
d 
W) 
© 
u 
At 
09 
iH 
CO 
•H 
h 
© 
d 
Vl 
O 
+» © A 
•£ 
cd 
a 
Vl 
o 
•P 
d 
bfl 
•rt 
© 
u 
•d 
3 
d -d 
o 4 
4S 
4 
&0 
•H 
© 
W 
•d 
8 
L. 
© 
09 
d 
© +» 
+> © 
% 
•H 
Q 
•M 
d 
d 
o 
a CO 
•d 
5 
09 
k 
© 
09 
© 
d 
<H 
O 
- d 
© 
09 
d 
4* rH 
© 
1 
•H 
CO 
•H 
© 
« 3 
+» 
09 
a 
© V l 
55 o 
o 00 
•H 
^ 
co 00 
T4 
IO 
o 
0> e» 
t-
•H 
• 
00 
t-
• 
CO 
09 
© 
f- l 
CO 
a © 
V l 
•o §i 
» d 
© bfi 
iH © 
CO h 
a ft 
09 
© 
1 r-t 
d d 
o a 5Z! © 
VI 
•d §i 
ee d 
« 5b 
H © 
a u 
aa ft 
C3» 
CO 
CM 
IO 
o 
IO 
•^ 
• CO 
o 
»o CO 
• 
<0 
o 
IO 
^1 
* CM 
•d 09 
d © 
CO iH 
CO 
d © 
ffl Vl 
d„ 
2§ 
ftC 
I bO 
d © 
o u 
SB ft 
Figure 22 
The 'saucer-shaped* nest made by male gerb i l , 
Figure 23 
The nest with a prominent central cavity made by 
non-pregnant female ge rb i l . The scale indica tes 
the height of the cavity as well as ne s t . 
Figure 24 
The 'dome-shaped' brood nest which was constructed 
by the l ac ta t ing ge rb i l . The nest was covered from 
above for the protect ion of young ones. 
P i g . 22 
P i g . 23 
» . . '
 rv • . s*U* 
F i g . 24 
lio 
and latencies to nest-rebuilding were less than 3 adn. (a = 6; 
mean * 1.613 • 0.290 min.) t i l l about 18 to 22 days post-partum. 
The nest with young was also kept covered from above 
t i l l 7 to 11 days after birth, specially when mothers were out 
feeding. 
4 . Discussion 
Nest-building in rodents i s not only important for breeding, 
but i t i s also important for thermoregulation (Morgan and Ste l lar , 
1950; Barnett, 1975). I t has been widely studied in respect to 
both, though more with laboratory rats and mice than wild rodent 
species (Barnett, 1975). However, the conclusions seem to agree 
broadly, which in a way ref lects the high degree of efficiency 
displayed in an area where variation may not be desirable 
(Barnett, 1975). 
Nest-building of pregnant female rodents i s largely indepen-
dent of temperature e f fect , but that of males and non-pregnant 
females i s directly controlled by i t (Morgan and Ste l lar , 1950; 
Seugnet and Nel, 1973). An accurate measure of i t i s the amount 
of nesting material used (Lee and Estep, 1971; Barnett, et a l . ,1978) . 
There i s also an increase in i t ' s use with decrease in tempera-
ture in gerblls . This could have been analysed further with 
greater control over temperature, but that was not poss ible . 
However, the Mongolian gerbils respond similarly under identical 
l l i i 
l iving conditions, as with temperatures changing according 
to season (Victoria, 1973). 
The gerbils also resemble each other in the method 
used for shredding paper and the way i t i s later transported and 
set at the nesting s i t e , e .g . by patting with fore-feet , nosing 
or crawling trader i t (Glickman, et a l . , 1967; Victoria, 1973). 
Except for stereotype shredding of nesting material, however, 
the same kind of constructional activity in nest building i s 
also displayed by many other rodents, namely laboratory rats or 
mice and wild type Rattus. Mus or Peromyscos (Parris and Griffith, 
1962$ King, 1963; Barnett, 1975; Mann and Bindra, 1975). 
T. indlca makes nests of about the same s ize (diameter 
s 18 cm.) as Mongolian gerbils (Victoria, 1973). There i s , 
however, much difference between them as regards the type of 
nests made; of which apparently, three dist inct kinds are 
constructed by the former (Figs. 22 to 24) . Dist inctive 'sleeping' 
and 'brood' nests are even made by other rodents; but there i s 
no difference between 'sleeping* nests of the two sexes (Roller, 
1956; Rosenblatt and Lehrman, 1963; Mann and Bindra, 1975). 
However, the 'sleeping' nests of female gerbils approach in very 
simple form the 'brood' nests made by them post-par tun (Table 21; 
Figs. 23 and 24); and are obviously different from 'saucer-shaped' 
nests of males (Fig. 22)* 
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Probably the tendency to make ' cav i ty 1 nes ts a r i ses 
in females at puberty and a t t a ins fu l l development a f te r 
p a r t u r i t i o n . Hormonal eontrol over t h i s , and advantages of 
i t are obvious. Of 'brood* nests of gerb i l s , i t serves the 
same function, as have been described for other species 
(Barnett , 1975). However, the nest i s kept covered from above 
for further protect ion of young for some time in the beginning; 
a l t e rna t ive ly , opening to nest boxes are plugged by the gerbi l 
matrons. Obviously, maternity has the same kind of influences 
on nes t -bui ld ing in t h i s species as e a r l i e r observed in others 
(Barnett , 1975). 
Accordingly, the 'brood' nes ts when disturbed are rapidly 
remade by matrons; while la tencies to rebuilding ' s l eep ing ' 
nes ts are inordinately high. However, the behaviour p e r s i s t s 
in them for longer, 18 to 22 days, than in laboratory r a t s 
(Rosenblatt and Lehrman, 1963). I t wanes when young become old 
enough to s ca t t e r the nest repeatedly. 
Summary 
The type of nes ts b u i l t by gerb i l s and the nest-bui lding 
behaviour are s tudied. Males always made hollowed out, saucer-
shaped nes t s ; non-pregnant females made nests with prominent 
centra l cavity and pregnant females b u i l t 'dome* l ike n e s t s . 
The gerbi ls shredded the paper and carr ied in the mouth 
to the nest ing s i t e . The material was s e t t l e d in stereotype 
pa t t i ng with forefeet , moved by 'nosing' and kicking. 
CHAPTER - X 
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REPRODUCTIVE BEHAVIOUR OP GERBI1S IV, PARTURITION AND 
ROUTINE DAILY CARE OP YOUNG 
1. Introducti on 
The events of parturition have been closely followed in 
several rodent species (King, 1963; Rosenblatt and Lehrman, 1963). 
The pattern i s similar, and i t ' s a f f in i t i e s can be traced to even 
other group, as carnivora (Schneirla and Rosenblatt, 1961; 
Rosenblatt and Lehrman, 1963). Just like parturition, the rodent 
species display resemblances between themselves as regards the 
routine daily care of young (King, 1963; Barnett, 1975)* 
However, such aspects of the reproductive behaviour in 
gerbl ls , T. indie a. have not been paid any attention. Observations 
on parturition and care of young by gerbil matrons are discussed 
here. 
2. Material and Methods 
Adult gerblls from a wild-caught stock were paired at random. 
They were housed in wire-mesh cages, 1.32 x 1.0 x 0.32 m; or g lass -
aquaria with metallic l i d s , 0.9 x 0.45 x 0.35 m. The gerbils 
were fed on cereals and cabbage. Water was given ad l i b . 
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After about 10 days, the males were removed from all the 
cages. The remaining occupants, or females, were then watehed 
regularly, for the next 20 days. Birth of a litter prolonged the 
period of observations, till suoh time when the young were weaned. 
When no births occurred the females had failed to conceive; the 
males were put back in the cages. Thus, the process was repeated. 
Six females were included in each group at start. Their 
cages, after the removal of males, were checked four times a day-
morning (7 to 9 A.M.), afternoon (12 to 2 P.M.), evening (5 to 7 P.M.) 
when food and water were also changed, and night around 10 P.M. 
Observations on care of young were taken at about the same hour, 
for about 10 minutes each time. 
3. Results 
3.1. Time of Birth: In 12 females followed in two groups, 
nocturnal births were not observed. The young were born before 
the morning visit or in the afternoon. Some were born in the 
evening. However, nocturnal births did occur in the stock 
maintained. 
Presence of after-birth fluids and scattered nest were taken 
as evidence to the occurrence of morning births. Of others, 
parturition of three females was actually observed. 
1<.3 
3.2 . Pa r tu r i t i on : Vigorous scratching of the floor of the 
cage by females which lay fully stretched indicated the impending 
p a r t u r i t i o n . The body was also pressed hard on the floor and 
dragged forward to some extent . This happened before each delivery* 
but more vigorously to s t a r t with than afterwards. 
The process connected to actual b i r t h , or del ivery, were, 
however, d i f fe ren t . After f loor-scratching and s t re tch ing , the 
female rose abruptly and aroused the "head between the heels" 
pos ture . I t remained in t h i s pos i t ion for so long as the young 
was not expelled or pulled out . The difference could not always 
be c lear ly seen. 
Following del ivery, the young were licked when the b i r t h 
f lu id f e l l on the f loor . I t was licked before placenta was pulled 
out and eaten. Some blood, about a drop, was discharged from 
vagina af ter the l a s t de l ivery . This was also l icked, cleaning 
of nest and young continued between the d e l i v e r i e s . 
The young were born at i n t e rva l s of 5 to 10 minutes (Table 
22) and the t o t a l time taken in b i r t h s equalled 30 minutes (5 young), 
21 minutes (3 young) and 11 minutes (2 young). 
However, the females then spent an equivalent time in 
cleaning the s i t e , eat ing the reman ants of placenta; gathering 
the young and l icking them. They moved away from nest and young 
and l ied down for sometime. Their re turn seemed to indica te the 
end of p a r t u r i t i o n . 
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Therefore, the en t i re time taken in pa r tu r i t i on extended 
to 65 minutes (5 young)(Table 22), 41 minutes (3 young) and 
30 minutes (2 young). 
3 . 3 . Routine daily care of young: Care of young s ta r ted r igh t 
a f te r b i r t h , when they were l icked and re t r ieved at one p lace . -
0EHre tu rn .x 1 the mothers crouched above them repeatedly, in order 
obviously to suckle* However, i t took considerable time before 
actual feeding commenced. 
Licking of young s ta r ted whenever they were seen, e .g . 
when mother terminated suckling or changed in pos i t ion of body, 
or at l a t e stages when the young approached them. Anogenital 
area was paid pa r t i cu l a r a t ten t ion during the f i r s t five days. 
The young were suckled in three different pos i t ions , which 
changed with the i r age. Younger pups (1-10 days age) were suckled 
in crouching pos i t ion , older pups while Hying on e i the r side or 
even standing as they were chased by the pups (F ig . 25). 
4 . Discussion 
The events of pa r tu r i t i on in laboratory r a t s f e l l i n to four 
d i s t i n c t ca tegor ies , ( l ) contraction phase, (2) delivery phase, 
(3) post-del ivery phase and (4) in t e rva l between d e l i v e r i e s . These 
are character ised by the different behaviour of female in response 
lklo 
Table - 22 
The process of pa r tu r i t i on 
_,. . . Time from No. young „ _ „ , 
Time s t a r t
 s t a r t ( f f l l n # ) b 0 £ n 6 Responses of Female 
12.30 P.M. 00-05 1 Lying on f loor, scratches f loor, 
drag body, s i t s head between heels ; 
l icks f loor, young, gen i ta l area; 
ea ts p lacenta . 
05-10 1 Floor-scratching, body-dragging, 
s i t s head between heels ; l i cks 
f loor, young; ea t s p lacenta . 
10-15 1 Floor-scratching, s i t s head between 
hee ls , eat ing of placenta , l icking 
of young, f loor . 
15-20 1 The same responses. 
20-25 1 The same responses. 
25-30 - Licking young, f loor , geni ta l area. 
30-35 - Crouches above young, walks away. 
35-40 - Drop of blood comes out of vagina, 
l i cks blood, f loor, young and 
geni ta l area. 
40-45 - Crouches above young, re t r i eves 
young, l i cks them, builds nes t , 
sleeps away from young n e s t . 
l fc t t 
Table - 22 (Contd.) 
H - . r t . r t ^ ( S T . ) " 0 i ^ T « ««P°»ses of Fe«ale 
12.30 P.M. 50-55 - Crouches above young, r e t r i eves 
young, l i cks them, bui lds nes t , 
55-60 
sleeps away from young nes t . 
» » . » » 
60-65 - Returns to young, crouches 
above them. 
Figure 25 
Mother gerbi l suckles the younger pups of 
1 t o 10 days age in crouching pos i t ion . 
Ik'/ 
Fig . 25 
Ik a 
to sequence of stimuli arising from birth of young and i t ' s 
products (Rosenblatt and Lehrman, 1963)* 
Apparently, tbe events of parturition in gerbils occur 
In the same sequence, and the responses of females, or mothers, 
are also similar* They stretch and scratch with spasms, pull 
out the young by teeth perhaps, and then l ick them and break the 
membrane over them and umbIleal cord. The products of delivery 
are a l l consumed, as by other mammals (Barnett, 1975). 
Maternal processes also start , as in the laboratory rat , 
in the interval between births* These continue and develop further 
after parturition. The young are licked to i n i t i a t e urination and 
defaecatlon (Barnett, 1975) and to keep them clean as wel l . They 
are protected in an elaborate brood nest , which i s fully made 
after parturition. Thus, the gerbils hardly differ from the 
rodent species with respect to processes of birth or care of young. 
Summary 
Young are protected in an elaborate brood nest. They are 
mostly born in the morning time. The care of the young starts 
with licking, as soon as they are delivered. 
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REPRODUCTIVE BEHAVIOUR OP GERBILS V. RETRIEVAL OP YOUN& 
1.Introduction 
'Ret r ieval 1 or carriage of s t raying or fa l len young to the 
nest by 1actat ing mothers, forms an Important component of the 
maternal behaviour of laboratory r a t , Rattus norvegicus (Beach 
and Jaynes,1956a, 1956b, 1956c; Rosenblatt and Lehrman, 1963; 
Barnett , 1975). Ensuring b e t t e r survival of the young, i t i s a 
stereotyped pa t te rn under multi-sensory control (Barnet t , 1975). 
Females of the wild type, R. norvegicus Berkenhout, have 
also re t r i ev ing a b i l i t i e s (Barnett , 1975); and the behaviour has 
also been observed in the desert ge rb i l , Meriones hurrianae (Jerdon) 
(Mnthana, 1975). I t has, however, not been studied and timed under 
standard condit ions. 
Such a b i l i t i e s are consis tent with the high quali ty of 
maternal care tha t female rodents provide to t he i r young. The 
Indian ge rb i l , Tatera indie a indie a (Hardwicke), i s no exception 
In t h i s regard. Results of experiments designed to study 
* re t r i ev ing of young* by t h e i r l ac ta t ing females are discussed here . 
l o U 
2. Material and Methods 
2 . 1 . The Subjects: Subjects were wild-caught stock, maintained 
on r a t d ie t (Hindustan Lever Ltd.) and ad l ib water. Selected 
adul ts were weighed and grouped in to bisexual p a i r s ; and t r a n s -
ferred to wire-mesh cages, i .32 x i.O x 0,32 m, provided with 
wooden nest boxes, 20 x 10.5 x 9 cm, and newsprint s t r i p s , 
30 x 30 era, for nes t ing . Sand was given in separate trays for 
« 
bathing. Arrangements made inside the cages* are shown in Fig.26. 
The gerbils were left undisturbed for the next 20 days, 
but then the cages were examined daily. The males were removed 
when a litter, born obviously in the proceeding night, was detected. 
Of the 4 females tested in expt. i, No.l of 125 g body-
weight had a litter of 2 young, No.2 of 168 g of 3 young, No.3 of 
152 g of 4; but No.4 of 125 g weight had also 3 young in it's 
litter. Females No.5 and6included in Expt.2, were also suckling 
respectively, 2 and 3 young. 
2.2. Experimental Procedure? Observations began 12 to 24 hrs 
after parturition, i.e. on the same day that a litter was detected, 
or later when the pups were 11 days old. Mother gerbils were 
removed from the cages between 1600 to 1800 hrsj and released 
back after the young had been marked, weighed and placed in the 
sand trays. Forceps boiled in water and dried with sterilised 
towels, were used for handling them. 
Figure 26 
Arrangements ins ide t e s t cages, showing the 
pos i t ions of nest DOX ( N ) , food t ray (P ) , 
water dish (W) and, sand t ray (S) in which 
the young were offered for r e t r i e v a l . 
•i V 
-,* u, 
F i g . 26 
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Following re-entry of mothers in to the cages, an observer 
(li) made the following observations: 
( i ) Latency, i n seconds, with which the f i r s t pup of the l i t t e r 
was re t r i eved , or carried from sand tray to the nest box. I t 
was timed from the entry of mother i n to the nest box to the moment, 
when af ter coming out, i t seized the f i r s t pup, 
(2) Latencies, in seconds, with which the other pups in the 
l i t t e r were re t r ieved , or the in t e rva l between the entry of mother 
i n to the nest box with one pup and the seizure of the next when 
i t came out. 
(3) Region of body on which the pups were seized. 
(4) Time, in seconds, spent by mothers in searching the cage 
af ter r e t r i e v a l of a l l pups in the l i t t e r . 
This t e s t was repeated in Expt. 1, each day from b i r t h , 
or a f te r the age of i i days, to weaning. 
Responses of l ac t a t ing gerbi ls to plastocene models of 
t h e i r pups placed in the sand t r ays , were observed in Expt, 2. 
2 , 3 . Analysis of Results : Methods described by Bailey (1959) 
were followed for ca lcu la t ing means, standard deviat ions, standard 
e r ro r s of the means (S .E . ) , and for comparing r e t r i e v a l la tencies* 
Comparisons were made by paired • t1 t e s t s . 
1 
3 . Results 
The r e su l t s are summarised in Tables 23 to 25 and 
i l l u s t r a t e d in Pigs . 20 and 28. I t would appear that observations 
on only two l i t t e r s could be completed from b i r t h to weaning 
(Table 23). Female No. 3 died 13 days af ter pa r t u r i t i on for 
unknown reasons; while r e t r i e v a l s by female No. 4 were timed only 
after the lith day. 
< 
3 . 1 . Growth of Gerbils from b i r t h to Weaning: The gerbi l pups 
at b i r t h were found blind, naked; and with l imited or ienta t ion 
re f l exes . They were, however, able to produce audible s ignals 
(or 'squeaking' ) . Their body-weight varied from 4 to 5 g (mean = 
4.40 + S.E. 0.02 g ) . I t increased at the r a t e of 1.10 + S.E. 
0.32 g/day. 
Orientation reflexes were, however, rapidly acquired; 
crawling movements began at the age of 5 days, and the pups s ta r ted 
walking at the age of 13 days. The eyes opened at 18 days; by 
which time most of the fur had also developed. Weaning occurred 
at 28 days af ter p a r t u r i t i o n . 
Experiment 1 
3 .2 . Retrieval of young: The young were re t r i eved by the i r 
mothers, from b i r t h to the age of 22 days (F igs . 2<J and 2$). On 
the remaining days before weaning, they reached the nests without 
t h e i r help. Later they moved freely, but spent l i t t l e time in 
the nest boxes. 
Figure 27 
Latencies, l a seconds, with which tbe pups 
were re t r i eved by female Ho, 2. 
i o 
No. 2, 5 = 1689 
Fig . 27 
\ 
Plgnre 28 
Latencies for r e t r i e v a l of pups i a another 
example, of female No, i . 
1^5 
i i i i M I i i i i .1. 
10 15 
Days 
20 
Pig . 28 
l r fG 
The lactating- gerbi ls showed obvious signs of d i s t r e s s 
when removed from the cage, or deprived of contact with t h e i r 
young less than 22 days in age. On being released back in to cages, 
they f i r s t rushed to and locked for them in the nest boxeg. Coming 
out af ter var iab le periods, they reared and backed about the nes ts 
before moving around. Aided perhaps by squeaking of pups, they 
walked across to sand- t rays . Retrievals began soon a f te r ; as the 
pups were l i f t ed one by one and carr ied in to the nest boxes. Only 
once, on the 11th day af te r pa r tu r i t i on , female No.3 attempted to 
bui ld a new nest where i t was offered the pups, i . e . in the sand 
t r a y s . 
Retrieval occurred on the run; and on successive runs, a 
s t r a igh t course to the nest box was followed. The pups were not 
nursed or licked in the meantime. The cages were also searched 
for va r iab le periods af ter r e t r i ev ing a l l the pups (Table 23). 
3 . 3 . t r i p s ' used or the method of re t r i eva l? The gerb i l s used 
di f ferent gr ips in l i f t i n g the pups. When 1 to 10 days in age, 
the pups were caught on the abdomen, exactly on the flank, by * 
the tee th ; to which they also responded by curving in the i r bodies* 
Proa the age of i i to 15 days, they were l i f t e d by nape of neck; 
and then to age of 22 days by skin on the i r back. The neck grip 
was, however, repeated by female No.2 on 22 day old pups. 
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3.4 . Latencies for r e t r i e v a l of pups: Latencies for r e t r i e v a l 
of pups, however, did not vary with the i r age (co r re la t ion t e s t , 
P > O. i ) , In respect of a l l the pups, though with dif ferent 
mothers, i t f luctuated, ra ther a l t e rna t ive ly , on successive days 
a f te r pa r tu r i t i on (Pigs , 26f and 2$). The range of va r i a t ion was, 
however, wider in case of the la tenc ies timed for the r e t r i e v a l 
of f i s t pup than the la tenc ies with which the remaining pups of 
the l i t t e r were re t r ieved (Table 23). 
Generally thus , 10 to 120 seconds (0,166 to 2.0 minutes) 
elapsed before the f i r s t pup was re t r ieved; 10 to 105 seconds 
(0,166 to 1,75 minutes) before that of the second; 10 to 60 seconds 
(0.16 to 1,0 minutes) p r io r to the carriage of t h i rd pup, while 
an in te rva l of only 20 to 60 (0 ,3 | o 1,0 minute), in the only 
example of female No,3, occurred when the fourth pup was seized 
and carr ied in to the ne s t . Differences noted in l a tenc ies were, 
however, found s igni f icant in most instances (Table 24), 
Within the l i t t e r s s imi lar ly , a l inea r order in r e t r i e v a l 
l a tenc ies was d iscernible (Pigs , 2Q and 2%), Thus, r e t r i e v a l s 
occurred, one af te r the other, a t shor ter i n t e r v a l s of time; though 
again the differences seemed mostly s igni f icant (Table 25) . 
Totals of la tencies show tha t female No,3 with 4 pups, 
spent the maximum time in r e t r i ev ing , followed by female No, 2 
and 4, each with 3 young, while female No.l with a l i t t e r of 
2 pups, spent the minimum time (Table 23). 
Table - 24 
Paired 't* values found by comparing the la tencies with 
which the pups were re t r ieved by gerbi l s of experiment i . 
• t ' of la tencies timed off 
r e t r i e v a l of 
. 1st pup 2nd pup 3rd pup 
Females No.l and 2 3.12* 5.40* 
Females No.i and 3 2.51* 3.99* 
Females No.l and 4 2.65* 1.44 
Females No.2 and 3 3.17* 2.00 5.49* 
Females No,2 and 4 3.65* i .95 
Females No.3 and 4 -
* Signif icant , P < 0.05 
140 
Table - 25 
Paired 't* values showing the relationship between the 
latencies observed for retrieval of pups of the same l i t t e r . 
„ ,
 f t f of latencies for retrieval of 
Female
 i 
Pup Pup Pup Pup Pup Pup 
1 and 2 1 and 3 1 and 4 1 and 3 1 and 4 3 and 4 
1 3.32* 
2 3.96* 
3 2.30* 
4 2.40* 
3.39* - 2.73* 
1.69 2.20* i.99 2.46* 2.64* 
i .85 - 2.60* 
•Significant, P< 0.05 
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Experiment 2 
3 .5 , Responses to models of pupss Lactating gerb i l s ignored 
the plastocene models of pups presented to them. However, what 
was made as ' eyes ' in the models, was found chewed on most occa-
s i ons• 
4 . Discussion 
Retrieving i s an experimentally induced response (Rosenblatt 
and Lehrman, 1963); and i t ' s relevance to wild rodents while l iv ing 
in t h e i r natural surroundings, i s suspected (Barnet t , 1975). Thus, 
i t may only he a va r ia t ion of the process of t ransport of pups to 
new nes t s , as occasionally observed there (King, 1963; Barnett , 
1975). Of the gerb i l s tes ted in expt. 1, female No. 3 also t r i ed 
to bui ld a new nest in the sand t r ays , before t ranspor t ing the 
pups to the or iginal nest several hours l a t e r . 
However, there are reasons to believe tha t i t i s a separate 
component of maternal behaviour; and that i t has survival value . 
Retr ieving a b i l i t i e s may thus help the l ac ta t ing gerb i l s to 
( l ) prevent the young from fa l l i ng out of the nes t , when they 
begin crawling at the age of 5 days, (2) stop them from straying 
once they s t a r t walking at the age of 13 days and (3) in bringing 
them back to nest following a chance rescue from a predator , as 
observed in an a l l i ed species by Muthana (1975). 
14^ 
Perhaps for these reasons, the behaviour never waned in 
o»ur gerh i l s for 22 days following pa r tu r i t i on ; whereas in the 
domesticated l abora to ry , ra t , i t begins to d i ss ipa te af ter 10 to 
16 days of i t (Rosenblatt and Lehrman, 1963). Although the l i t t e r 
s ize var ied, i t l as ted only 2 to 5 minutes, with la tencies for 
r e t r i e v a l of successive pups decreasing in a l inear order (Table 
23; P igs . 2$ and 2%). Conversely in the white r a t , older pups 
are re t r ieved af ter long delays (Rosenblatt and Lehrman, 1963). 
Similar ly, la tencies with which the f i r s t pups were 
re t r ieved by ge rb i l s , differed only s l i gh t ly (Table 23; P igs . 
2§ and 2$). There was, however, l i t t l e chance of the i r re t r iev ing 
a b i l i t i e s having improved with prac t ice , as observed in several 
Inves t iga t ions on the laboratory r a t (Barnett , 1975). Thus, 
r e t r i e v a l la tencies showed s ign i f ican t differences at equivalent 
ages of pups (Table 24); even though t e s t s on female No.4 began 
l a t e , or 10 days af te r pa r tu r i t i on (Table 23). 
Retrieving stopped when the young began to r e s i s t i t ; 
and t r i e d to reach the nests on the i r own. The l ac t a t ing 
laboratory r a t s on the contrary, themselves grow less a t t en t ive 
as the pups grow older . The difference r e f l ec t s the stronger 
development of the behaviour in a wild species , compared to i t ' s 
loss with domestication in the l a t t e r . 
14 
The method of l i f t i n g the young or ' g r i p ' used, however, 
have not changed with i t . Like the laboratory r a t s , l ac ta t ing 
ge rh i l s also protect the head and dorsal side of pups from 
rubbing the surface over which they are ca r r i ed . 
The r e s u l t s of expt. 2 c lear ly show tha t r e t r i ev ing i s 
not simulated by objects resembling the pups in size and shape* 
That such objects arouse the cur ios i ty of gerbi l mothers, i s , 
however, obvious from the chewing of only the ' eye ' in the models. 
I t i s l ike ly tha t the head i s invest igated more than other pa r t s 
of the pup's body. 
Summary 
Lactating gerbils, Tatera indica indica (Hardwicke), 
retrieved their young, one by one, to the nests when the litters 
were displaced to positions away from it. The behaviour lasted 
for 22 days after parturition, but latencies for retrievals did 
not change with the growth of pups. However, the 'grip' used in 
retrieving varied with their age; pups were seized by teeth on 
the flank, by nape of the neck and skin on their back, in the 
order named. 
Models of pups presented to mothers were, however, ignored 
in another experiment. 
CHAPTER - XII 
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REPRODUCTIVE BEHAVIOUR OP GERBILS VI. ORIENTING BEHAVIOUR 
!• Introduction 
The infant laboratory r a t , Rattus norvegicus L. , possesses 
a r epe r to i re of stereotyped behaviour pa t t e rns of considerable 
survival value (Barnett , 1975). Of them, or ient ing behaviour 
develops gradually in stages; and has been studied by several 
authors (Bolles and Woods, 1964; Welker, 1964; Blanck, et a l .« 
1967), Nothing i s , however, known about the ontogenetic develop-
ment of t h i s behaviour in wild rodents . 
Observations made on 'o r i en t ing behaviour' of infant 
ge rb i l s , Tatera indica indica (Hardwicke), are discussed here . 
2. Material and Methods 
Female ge rb i l s , T.I.. indica , found pregnant in a wild-caught 
stock, were caged individual ly in wire-mesh cages, 1.0 x 0.38 x 
0.38 m, and given sheets of paper, 30 x 30 em, for nes t ing . 
Observations on movements of pups s t a r t ed from the day 
a f te r b i r t h (age » l day). The mother was trapped and removed 
from the cage; pups were taken out from nes t , one at a time, and 
put on a f l a t surface, ka observer ( E ) recorded the responses 
of each, according to method described by Blanck, et al, (1967). 
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Older pups (age = 3 days) were also tested on a slanting 
surface; and then allowed to move along the corners of an all-
glass aquaria. 
Development of young in two litters was, however, observed 
separately. 
3. Results 
Description of lac ta t ing ge rb i l s , size of the i r l i t t e r s 
and numbers f ina l ly weaned are given in Table 26. Results are 
described below in separate sec t ions . 
3 . 1 . Mortality of young? All pups in two l i t t e r s were slaugh-
tered and eaten by mothers on the f i r s t day of b i r t h . However, 
some pups from other l i t t e r s a lso disappeared on the following 
days (Table 26). They had shown slower body movements than the i r 
l i t t e r mates which survived. Presumably, they were also eaten 
by the matrons. 
Such disappearance of pups was, however, not observed af ter 
the age of 5 days (Table 26). Thus, the young in l i t t e r s No. i i 
and 12 which los t t h e i r limbs, following accidental f a l l s on the 
f loor of the wire-mesh cage, at age 6 days or above, were weaned 
successfully (Table 26). 
Table 26 
1 
Description of gerb i l s with l i t t e r s . Size of l i t t e r s and 
number of young f ina l ly weaned in each, i s also given. 
»• rLi^ ss.r ::^rg «—*• 
i 
2 
3 
4 
5 
6 
T 
8 
9 
10 
i i 
135 
, 152 
130 
117 
150 
158 
151 
137 
162 
154 
180 
3 
4 
4 
5 
3 
5 
3 
5 
5 
4 
3 
-
1 
4 
2 
5 
3 
5 
5 
4 
3 
Slaughtered, eaten af ter b i r t h 
» » » » » » 
3 young k i l l e d on 2nd day 
1 young eaten on 3rd day 
t » * » 
Lost a l l limbs accidental ly at 
age 5 days 
12 167 5 5 Lost a l l limbs accidental ly at 
ag£ 7 days. 
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3.2 . Motor Development: Various aspects of development of 
body movements were recorded as follows: 
Heads I t was moved up and down without immediate re turn on 
the f i r s t day, hut freely in the same axis from the age of 2 days. 
B i l a t e r a l movements s t a r t ed at the age of 5 days. 
Body; The hody was curved frequently from the age 1 to 3 days, 
hut the response diminished subsequently. 
Forelegs: I t was moved on the f i r s t day, but simultaneous 
movements of one or both forelegs and head s t a r t ed at the age of 
2 days. 
Hindiegs: Pull extension and bending of legs was observed on 
the f i r s t day, but movements of legs with body or head s t a r t ed 
from the age of 2 days. 
Tails I t was also moved from the f i r s t day. 
3 .3 , Pivoting* i to 3 days old pups showed typical movements 
of whole body, or pivot ing. The body was s t re tched and curved; 
and pups turned to e i t he r side on r o l l i n g back. Several attempts 
resu l ted in sh i f t s of body-axis of grea ter than 360 , even on 
the f i r s t day. Shif ts i n body posi t ions occurred rapidly from the 
second or th i rd day. 
14a 
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«
4
» Creeping? I t s t a r t ed at age 3 days and ended about 9 to 12 
days. In the early phase (3-4 days) pups turned on the bel ly and 
moved the i r limbs in sequence legs and forelegs to push forward 
(F ig ,2^ ) . 5 and 6 days old pups accomplished forward progression 
ra ther eas i ly , but also reared back as quickly. They moved 
upwards on a s lant ing surface (negative geotax is ) , and t r i ed to 
maintain contact with side-wall while moving along corners 
(thigmo t a x i s ) . These pers i s ted to the end. In the l a s t phase 
(7 to 12 days) the body was raised above surface while creeping. 
The creeping movements diminished rapidly at the end of th i s 
per iod, 
3
«
5
» Walking: Walking with limbs erect and in l ine of body, 
s t a r t ed from age of 13 days. However, in one l i t t e r the young 
began walking from age of 9 days. 
Pups of l i t t e r No,11 or 12 showed no progression by 
creeping or walking because of loss of limbs e a r l i e r . However, 
they were able to drag the body in desired d i rec t ion . 
4 . Discuss ion 
Orienting behaviour of laboratory r a t develops in three 
d i s t i n c t stages - a f i r s t stage l a s t i ng about 5 days i s dominated 
by movements of head and forelegs, the second stage ending about 
10 days i s character ised by involvement of a l l legs in body 
figure 29 
3 day old infant gerbil, was photographed 
while 'creeping* forward (moved less than 
1 ca). 
14 J 
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movements; while in third stage earlier responses are superseded 
by walking (Blanck, _et jl., 1967). 
The same kind of motor development as in rat, occurs in 
the gerbils, T»i,. indiea: but the behaviour patterns show some 
differences. Thus, the important stages distinguished are 
(l) pivoting: from the first day after birth which includes 
movements of whole body, (2) creeping: that starts from age of 
3 days and involves the use of all legs in orienting body, and 
(3) walking: which may start as early as 9 days and superseded 
earlier method of progression by creeping, 
Apparently, the observed behaviour patterns have different 
functions. Raising of head and movement of forelegs enable the 
pups to suckle as the mother crouches above (Barnett, 1975). 
Pivoting may help then in changing places or adjusting body 
positions in the nest. The early responses are, however, also 
responsible for releasing maternal processes - as 'treading1 or 
let down of milk, licking, retrieving, etc. (Barnett, 1975). 
However, creeping and walking serve to bring in the nest or the 
immediate environment within the range of developing animals 
(Blanck, et al., 1967). 
The taxes indicate the development of special sensory 
functions (Barnett, 1975). Of them, at least two develop in the 
gerbils at an early age. However, their adaptive value, or 
utility in the natural environment, is not known. 
Evidently or ient ing behaviour i s more important in the 
f i r s t few days of l i f e . Thus, the pups which are slow at body 
movements, or pivot ing, are slaughtered, but those incapicated 
l a t e r are weaned successfully. Unlike i t , fa i lure to creep or 
walk proves of no consequence. 
Summary 
Movements of whole body, or pivot ing, dominate the early 
•or ient ing behaviour' of infant ge rb i l s , Tatera indie a indica 
(Hardwicke). Progression i s then accomplished by creeping (4-12 
days) , which i s superseded by walking. 
The early responses are more important for surv iva l . The 
young incapicated l a t e r (age 5 days) are thus reared successful ly. 
CHAPTER - XIII 
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AUDIBLE SOUNDS PRODUCED BY GERBILS 
1. Introduotioa 
Vocalizations of a number of rodent species have been 
accurately documented (Barnet t , 1975; Begg, 1975; Hafner and 
Hafner, 1979). But besides the sounds produced within the human 
hearing range, t h e i r vocal reper to i re includes major u l t rasonic 
elements (Sewell, 1970; Begg, 1975; Thiessen and K i t t r e l l , 1979). 
The s t ructured sounds have signal function and are linked to 
soc i a l , reproductive or other behaviour (Begg, 1975). 
The Rattns species produce, however, several kinds of 
audible noises (Barnett , 1975; Begg, 1975), compared to h igh-
pitched "creaks" e l i c i t e d from Mongolian g e r b i l s , M. unguieulatus 
(Finek and Goehl, 1968). Unlike i t , u l t r a sounds are emitted by 
gerb i l s over a wider range of the spectrum (Sewell, 1970), Social 
s t imuli are , however, needed for such vocal iza t ion (Thiessen and 
K i t t r e l l , 1979), which shows t h e i r potent ia l for communication 
(Begg, 1975). 
Similar high-pitched "creaks" are heard from Indian ge rb i l , 
£ . i nd ica , during handling and some other s i t u a t i o n s . Spectrum 
analysis of the i r sounds and i t ' s e f f ec t s , are discussed he re . 
1 IV ) 
2. Material and Methods 
Only adult gerbi ls were used, of which the body-weight 
of males ranged from 120 to 192 g and females 115 to 165 g. 
Some of the l a t t e r had l i t t e r s . Each gerbi l had a separate 
cage; food and water were always ava i lab le . 
Sounds were recorded on a •National1 por table t ape-
recorder of maximum 8 W&z s e n s i t i v i t y . The speaker was 
suspended above the cage or t raps at the time of recordings. 
The sounds were e l i c i t e d in the following s i t u a t i o n s : 
a. The gerbi l was trapped in a wooden l i v e - t r a p (P ig .80) . 
The trap was placed on a table and an observer ( E ) 
approached i t at i n t e r v a l s . I t was often s t r iked with 
a metal l ic rod to induce voca l iza t ion . 
h . The ge rb i l s , except l ac ta t ing females, were t ransferred 
from the i r cage to cages of conspecifics of e i ther sex. 
Agonistic in te rac t ions whieh followed were watched 
closely to dis t inguish sounds produced by in te r lope r s 
and r e s iden t s . 
The recordings were replayed in to a *Kay"-electric 
sono-graph, model 7029A (5-16000 Hz spectrum analyser) for 
physical analysis of sounds. The sonograms were label led to 
find by comparison differences, i f any, in sound s t r u c t u r e . 
Figure 30 
A wooden l i ve - t r ap used for t ransfe r r ing the gerb i l s 
1 ' . 
Fig . 30 
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The effects of sounds were studied by playing the 
recordings near the cages of ge rb i l s , housed ind iv idua l ly . 
' Changes in t he i r behaviour were noted. 
3 . Results 
3 . 1 . Conditions of Sound Production: Both males and females 
produced the same kind of sounds, but the l a t t e r vocalized more 
frequently than the former. The c h a r a c t e r i s t i c sounds were 
heard in many s i t ua t i ons , that were e i the r 'novel* or ' s t r a n g e ' , 
or in which the gerb i l s perceived physical danger. Out of these , 
the most common that induced sound production, have been used 
for recordings. 
3 .2 . Vocalizations in the Live-Traps: The ge rb i l s s t a r t ed 
making sounds soon af ter being caught in the l ive - t r aps* On the 
approach of observer ( E ) , they made a v i s i b l e change in posture 
too, to "crouching", when the same sounds were made more c lear ly 
and with breaks, for longer duration than e a r l i e r . The males 
also "crouched" but did not often produced any sound. St r ikes 
with metal l ic rod on t h e i r t raps were then found necessary to 
make them s igna l . 
Lactating gerbi ls 'crouched' only br ie f ly in the presence 
of observer, and then continued the struggle to escape, as 
pushing the door with head and b i t ing the i ron on the top . 
Sounds were produced between such attempts. 
There was much var ia t ion in the t o t a l time that sounds 
were produced by g e r b i l s . The c a l l s usually las ted less than 
a minute, but with breaks continued for as long as 7 minutes* 
3 . 3 . Vocalization during Agonistic In t e rac t ions ; Transfer 
of ge rb i l s to cages of conspecifics invariably resu l ted in 
f ights between in te r loper and r e s iden t s . The dominant male 
gerb i l s produced during such agonist ic behaviour or kind of 
" tooth-chat ter ing" sound similar to that reported for Rattus 
(Barnett , 1975; Begg, 1975). This was more c lear ly heard during 
male-female i n t e r a c t i o n s . I t was emitted as the opponent was 
pinned down on i t ' s back, while the dominant individual with 
hand on i t ' s chest ra ised the head up and down or moved i t from 
side to s ide . 
The "sub-ordinate* gerbi l s emitted, however, the same 
sounds as heard from them in the t r a p s . Only some male produced 
the sounds, but the females vocalized without exception. 
3 .4 . Physical Analysis of Sounds; The spectrum analysis of 
sounds emitted by both sexes in e i the r of the two s i tua t ions 
did not reveal any fundamental difference in s t r uc tu r e . The 
energy was concentrated in two narrow, d iscre te bands with 
frequencies between 0.2 to 2.0 KHz and 4.5 to 5.0 KHz (Fig .3p) . 
The ca l l consisted of sharp sounds followed by no ise . The 
high-pitched "Creak" las ted 128 ms, while the duration of low-
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tone 'noise 1 was 48 ms. The c a l l s were repeated at i n t e rva l s 
of 272 ms (Fig . 31'). 
The tooth-chat ter ing sounds of male gerb i l s were of 
0.2 KHz frequency, though body s ize and weight also influenced 
i t ' s qual i ty . The r e su l t s obtained were, however, not conclu-
s ive , and have been omitted. 
3 .5 . Responses to Recorded Sounds? The c a l l s when replayed 
evoked a ' s t r a t l e ' response from rec ip ien t females. I t also 
produced some agi ta t ion among males. The pinnae were moved 
and rear ing posi t ion was adopted. 
Some females often s ta r ted ca l l i ng simultaneously, 
afterwards. The males did not show, however, any such response. 
4 . Discussion 
JF. indica l ike Mongolian gerbi ls possess a very limited 
r epe r to i r e of auditory s igna l s . The cha rac t e r i s t i c vocal izat ion 
e l i c i t e d , or emitted during normal encounters, i s en t i re ly 
associated with defense; with s igna l l e r adopting typical ly the 
'crouching' pos ture . I t i s produced, in the same context more 
often, however, by females than males. 
The only other sound produced i s ' t oo th -cha t t e r i ng ' by 
male g e r b i l s . I t i s solely associated with offensive behaviour. 
i ..; J 
Obviously, there i s great difference in s t ruc ture of 
these sounds. The defensive c a l l , s imilar to "creaks'* of 
Mongolian ge rb i l s , i s made up of two frequency bands; with 
the range, as c i t ed , between 0.2 to 2.0 kit* and 4.5 to 5.0 kl^. 
(frequency range in creaks of Mongolian gerb i l s - 4.0 to 6.0 WEbgi 
Pinck and Goehl, 1968). During emission, as the sonographs 
show, the change in tone, possibly takes place with harmonics 
(Pig . 30). Thus, each ca l l i s intense to s t a r t with, but 
abruptly decreases in i n t ens i ty and degenerates in to noise . 
Thus, the quali ty of sound i s var ied, and pa r t i cu l a r c a l l s may 
contain more sharp tones than noise and v ice-versa . Perhaps 
the higher overtones are developed by vigorous expira t ion, while 
the noise i s produced from overflown g l o t t i s (Andrewt 1963). 
'Tooth-chattering* i s a sound of uniform frequency, of 
around 0.2 kH ; though va r i a t ion in i t ' s i n t ens i t y with s ize 
95 
and age are c lear ly suspected. 
Creaks of Mongolian gerb i l s represent , however, only few 
pulses of vocal iza t ion, the major elements of which l i e in the 
u l t r a son ic range (Sewell, 1970). This may also be t rue of 
T. indjca. In that case, ultrasounds have more po ten t ia l for 
communication in ge rb i l s than audible sounds. There i s , 
however, not much evidence yet to support t h i s . 
In contrast to ge rb i l s , however, wild r a t s and even 
some mice, possess a large number of auditory s ignals (Begg, 
lCu 
1975; Baruett , 1975; Barnet and Stewart, 1975; Hafner and 
Hafner, 1979). Their vocal reper to i re consis ts of d i s t i nc t 
vocal izat ion types, each with some behavioural s ignif icance. 
Thus, the audible sounds have, a t l ea s t in t h e i r case, greater 
po ten t ia l for communication. Whether t h i s represents some 
evolutionary difference, and to what purpose? Whether a b i l i t y 
to communicate with a whole range of auditory signals has 
grea te r survival value? There are no answers to these questions 
(Begg, 1975). 
Similar confusion ex i s t s about the specif ic function of 
di f ferent sounds, or vocal izat ion types. Some are d iscre te 
s igna l s , no doubt (Hafner and Hafner, 1979), but many appear to 
have l i t t l e overt effect on the behaviour of conspecifics 
(Begg, 1975). I t i s , however, possible that sounds act in 
combination with other s igna ls , v isual and olfactory (Barnett , 
1975). Attempts at studying auditory s ignals in th i s l igh t 
have, however, been very few. 
The sounds of ge rb i l s , T. ind ica . evoke, however, some 
immediate responses, as pinnae re f l exes , freezing, s t a r t l i n g , 
rear ing as in Mongolian gerb i l s (Finck and Goehl, 1968; 
Lippman and Galosy, 1969; Galosy and Lippman, 1970). Some 
females even signal baek, but the males are not equally 
affected. There i s some va r i a t ion in i t , but not to the same 
degree as observed in s imilar s tudies on Rat tus . But the 
ICi 
gerbi l s produce only one kind of sound, and recognition and 
responses to i t may be ' s t e reo typed ' , with extreme reper to i re 
of auditory s ignals then, more var ia t ion i s also l i k e l y . 
Summary 
Gerbils , T. indlca possess a l imited reper to i re of 
auditory s igna l s . Spectrum analysis shows that the energy 
v,is concentrated in two narrow, d iscre te bands, of sounds 
emitted by both sexes. Male gerb i l s also produce ' t o o t h -
cha t te r ing ' which i s associated with offensive behaviour. 
Sounds of gerb i l s evoke some responses, l ike pinnae re f lexes , 
e t c . 
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SANDBATHING BEHAVIOUR OP GEKBILS 
1. Introduction 
, ,Sandbathing t t, or "dustbathing", i s displayed by heteromyids 
and ge rb i l s ; and by a number of other rodent species l ike Peromyscus 
c r i n i t u s , Cbinchilla lan igera . Dipus, Butamias, C i t e l lus and 
Glaucomys species (Eibl-Eibesfeldt , 1958; Kirchshofer, 1958; 
Eisenberg, 1963). I t i s in tegrated with other behaviour components 
associated with care of body surface (COBS), as 'washing of f a c e ' , 
grooming, sand-digging and scratching (Griswold, et a l . , 1977), 
Bathings appear to res to re pelage condition when i t becomes, 
e .g . a f te r deprivation or denial of subs t ra te for bathing, matted 
and greasy (Borchelt, jet a l . , 1976). Species typical pa t te rns of 
behaviour r e f l ec t then the spa t i a l d i s t r i bu t i on of sebaceous 
secre t ions onto pelage (Griswold, jet a l . , 1977). However, the 
temporal organization of cleaning bouts i s readi ly a l t e red to su i t 
requirements, for example af te r experimental modifications in pelage 
condition (Griswold, jet al,t 1977). 
However, i t i s contended that the behaviour had i t ' s main 
function in chemical communication; and became only secondarily 
been involved in dressing of pelage (Eisenberg, 1963), Such 
inherent complexity has resul ted in more v a r i a t i o n s , between even 
the closely re la ted forms. Apparently, each species requi res 
separate study. 
i L v j 
Sandbathing behaviour of the ge rb i l , T. ind ica . has not 
been s tudied. An account of i t i s given here . 
2. Material and Methods 
2 . 1 . The Subjects: The subjects were trapped as adul t s from 
fallow lands . They were housed separately in the laboratory in 
wire-mesh enclosures, 1.32 x 1.00 x 0.32 m. Wooden nest-boxes, 
20 x 10 x 9 cm.and paper-sheets , 30 x 30 cm. were given for nes t ing . 
The gerb i l s were fed on cereals (mi l l e t , Pennisetum typhoides + 
wheat, Triticum aestivum) and cabbage (Brassica o le racea) . Water 
was given ad l i b . 
All cages were kept in a r a t t e ry (enclosed by wire-mesh 
on two s ides) where k:D cycle varied n a t u r a l l y . Tests were, however, 
made ear ly in the ac t iv i ty period. Only adul ts (body-weight > 100 g) 
were used* (Tab!•-« ^7) . 
The observations, except of gerbi ls in one group, were 
completed within 2-3 weeks of capture. Controls were given sand 
for bathing in the i r home-cages; but not o thers . 
2 .2 . Test Arena: Test arena was an a l l - g l a s s aquarium, 0.90 x 
0.45 x 0.35 m. with 10 cm. layer of sand for subs t ra te (P ig . 32) . 
I t was s i tua ted in a room f i t t e d with 60 watt red bulbs for 
l i g h t i n g . 
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The subjects were carr ied in a square wire-mesh box with a 
s l id ing door for entry and ex i t s (P ig . 33) . They were released in 
the aquarium from a side-door. The observer (B) sa t behind a 
screen Of black cloth f i t t e d on iron-frames, a t a distance of 2 m. 
from glass f ront . 
2 . 3 . Experimental Procedure? The bathing actions were counted 
manually, and timed by stop-watch. 
Bathings by a l l subjects were f i r s t studied in 10 min. 
sess ions . After t h i s , they were divided in to 9 groups. Subjects 
belonging to each group were then tes ted af ter one of the following 
pre- t reatments ; or a l t e rna t i ve ly , in the social s i tua t ions described. 
2 . 3 . 1 . "Wetting* of Pelage; In t h i s , the pelage condition was 
modified by wetting the subject . The gerbi l was t ransfer red to 
carrying-box and showered with water from above the wire-mesh. 
After wett ing, i t was released in t e s t arena; and i t ' s bathing 
act ions were counted for 10 min. 
2 .3 .2 . Application of Oil to Pelage (Symmetrical Modification); 
Symmetrical changes in pelage condition were made by applying o i l 
(Lubricating o i l , Singer Company Ltd.) to both r igh t and l e f t side 
of each ge rb i l . 
For t h i s , the gerbi l was t ransferred from carrying-box to 
a special ly-designed holding cage (Pig . 34) . The subject was 
Figure 32 
The aquarium (0.90 x 0.45 x 0.35 m.) which was used 
as t e s t arena, with a 10 cm. layer of sand substra te 
Figure 33 
Square wire-mesh box (21.0 x 21.0 x 8.5 cm.) with 
a s l id ing door, used for carrying the* g e r b i l s . 
Figure 34 
•Holding-cage* (32.0 x 11.0 x 7.5 cm.) used for 
applying o i l on the g e r b i l s . 
iGJ 
Pig . 32 
P i g . 33 
Pig. 34 
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pressed firmly towards the "entry-door", and treated only after it 
had stopped struggling. 
The oil was applied in every case from a syringe with blunted 
needle coated with wax as further precaution against injury, l ml. 
of oil was used in each application. 
The subject was restrained in holding cage for some time to 
allow penetration of oil to skin, and then released in test arena 
for observations. 
2.3.3. Application of Oil to Pelage (Asymmetrical Modification); 
The same procedure as described in 2.3.2. was used to alter the 
pelage condition asymmetrically. Oil was applied to only (a) right 
side or (b) left side or (c) back or (d) ventrum. 
Following the application of oil, the gerbil was released 
in test arena for observations. 
2.3.4. Deprivation Treatment: The subjects were allowed to live 
in the laboratory for four months, but were not given during this 
period any access to sand for bathing. They were tested after this. 
2.3.5. Presence of 'Conspecifics*t In this, both gerbils of a 
bisexual pair, paired at least a week before the test, were released 
together in the test arena. Bathing actions of each were counted 
separately. 
107 
Alternatively, the gerbils of the same or opposite sex 
were trapped from separate cages and released in the aquarium 
together. Interactions and bathings displayed were recorded. 
2.4. Analysis of Results: The results were statistically analysed 
according to methods described by Bailey (1959) and Lehner (1979). 
3. Results 
The r e s u l t s are depicted in Figs . 35 to 41) . 
3 . 1 . Description of Movements; Sandbathing behaviour of T, indie a 
consisted essen t i a l ly of s ide- rubs . The two sides were attended 
a l t e r n a t e l y . The only other component, i den t i f i ed vide the c l a s s i -
f ica t ion of behaviour pat terns given by Eisenberg (1963), was the 
•Ventrum-rub. Rubbing of chin often occurred separately from i t , 
but r o l l i n g s on back were not seen. 
Side-rubs included well coordinated movements, or a l t e rna te 
extension and flexion of body. The movements occurred rap id ly , but 
not af ter*appl icat ion of o i l to pelage. The t rea ted side was then 
pressed hard against rhe subs t ra te , and each act took more than 
usual time to complete. 
Ventrum-rub involved two main aets ( l ) lowering the body 
on the sand and (2) dragging of ventrum on i t in the forward 
d i r ec t i on . However, stereotyped rubbings of ventrum were often 
displayed by the male g e r b i l s . 
lea 
3.2 . Frequencies of Components; The non-deprived subjects releasee 
individual ly in t e s t - a rena performed bathing in between bouts of 
exploratory a c t i v i t y . The number of act ions (s ide-rubs) was, 
however, l imited to a t most two. Sand-digging was also ra re ly 
observed. 
3 . 3 . Relative Frequencies a f te r Short Periods of Deprivation; The 
ge rb i l s denied access to sand for short period (2-3 weeks) displayed 
r e l a t i v e l y more bathing actions than cont ro ls . The scores were 
generally higher for males than females (F ig . 35) and the difference 
was highly s igni f icant (X2 a 12.5, P<O.Ol) . 
Side-rubs were only performed; and the number of.components 
directed towards each side was also found to be about equal (Fig.35), 
Bathings occurred, however, at i r r egu la r i n t e r v a l s . There was much 
explorat ion, but very l i t t l e sand-digging (Fig. 35) . 
3 .4 . Frequencies a f te r Long Period of Deprivation; In subjects 
deprived of bathing for as long as four months, the pelage showed 
no v i s i b l e signs of de te r iora t ion as matting of fur and greasy 
appearance. Except for one male thus , they displayed very l i t t l e 
bathing. The number and sequential pat terning of components was 
found similar to that of non-deprived subjects or con t ro l s . 
The t e s t -a rena was explored for most of the time, but there 
was r e l a t i v e l y more sand digging than that seen af te r short periods 
of depr ivat ion. 
Figure 35 
The gerbils deprived of sand for short periods 
display side rubs. The number of rubs towards 
right and l e f t are about equal. The bathing 
scores are higher for males than females. They 
show exploration and sand digging also . 
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Compared to frequencies of bathing pa t t e rns in subjects 
deprived for short periods, there was s igni f icant decrease in 
frequencies a f te r long periods of deprivation ( t = 21.5, P< 0.001; 
Pig. 36) . 
3 .5 . Effect of "Wetting": After wetting of t h e i r pelage, the 
ge rb i l s bathed intensely by s ide-rubs; but no action was di rected 
towards ventrum (Fig. 37) . In rubbing the s ides , the body was 
often turned on back s l igh t ly more than i t was done usual ly . 
The same side was often rubbed in a sequence of 2 to 4 
ac t ions , before a t t en t ion was turned to opposite flank. Exploratory 
a c t i v i t y and sand-digging appeared a f te r the bathing sequences, 
and not from outset as observed af ter deprivation (P ig . 37) . 
There was roughly a four fold increase in r e l a t i v e frequencies 
from base- l ine scores of subjects deprived for short periods 
(P igs . 35 and 37) . The increment was obviously very s ignif icant 
(Wilcoyon t e s t , P < 0 , 0 5 ) . However, the number of actions on each 
side was not always equal (Pig . 37), but the differences were not 
s ign i f icant e i the r ( ' t ' t e s t , P> O . l ) . 
3 .6 . Effect of Application of Oil to Pelage on Both Sides; 
Application of o i l to pelage on both r igh t and l e f t s ides resul ted 
in a large number of actions that occurred a l t e rna te ly towards 
e i the r s ide . The rubbings were performed slowly than af te r wett ing. 
Figure 36 
The gerbils deprived of sand for long periods 
display very l i t t l e bathing. Most of the time 
the subjects dig the sand and explore in the 
cage* 
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However, s imilar to the observations af ter the l a t t e r treatment, 
the behaviour was eventually in ter rupted by explora t ion. Sand-
digging occurred simultaneously (Fig . 38). 
There was again s igni f icant increase in r e l a t i v e frequencies 
of bathing pa t t e rns , in comparison for example, to number of actions 
displayed by both non-deprived and deprived subjects (Wilcoxon 
t e s t , P< 0 .05) . 
3 .7 . Application of Oil to Fur on Back; This kind of treatment 
a lso produced an equal number of side rubs that occurred a l t e rna te ly 
as described in 3.6 (F ig . 39) . The subjects also displayed no 
attempt to rub the ventrum or chin. 
3*8. Changes in Behaviour Pat te rns af ter Application of Oil to 
Right Side; The gerbi ls t rea ted with o i l on the r igh t side rubbed 
th i s s ide more than the untreated or l e f t side (F ig . 40) , The 
difference in the number of actions di rected towards the two sides 
was very marked, and a lso highly s igni f icant in terms of Wilcoxon 
comparisons (P< 0,05) . 
3 .9 . Changes in Behaviour Pat terns af ter Application of Oil 
to l e f t s ide: The same trend appeared af ter modifications made 
in pelage of l e f t s ide . There was s igni f icant increment in 
r e l a t i v e frequencies ( P < 0 . 0 5 ) , but proport ionately more components 
were directed towards the t rea ted , ot l e f t s ide , than untreated, 
or r igh t side (Wilcoxon t e s t , P < 0 . 0 5 ; Fig. 40) . 
Figure 38 
Application of o i l to pelage on both sides 
of the ge rb i l s , resul ts in a large number of 
r igh t and l e f t rubs , but gerbi l s perform slowly 
than af te r wett ing. Exploration and sand 
digging also occur simultaneously. 
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Figure 39 
Application of o i l to fur on back of the gerbils 
results, an equal number of right and l e f t rubs, 
occur alternately. Exploration and sand digging 
did not take place as in other eases* 
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Figure 40 
Treatment of l e f t or right side only with 
o i l results prominent rubs towards the treated 
side than untreated* 
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3.10. Effect of Oiling the Pelage of Ventrum; The subject t rea ted 
with o i l on ventrum displayed similarly many ventrum-rubs or drags, 
hut some side-rubs were also performed (Pig . 4 l ) . The difference 
in frequencies of two components was s ign i f i can t (Wilcoxon t e s t , 
P < 0 . 0 5 ) , but no sequential re la t ionship between them was detected 
(P> O.Oi). 
Exploration and sand-digging appeared l a t e as a f te r other 
t reatments . There was, however, more sand-digging, which also 
occurred in a typica l manner. The sand was pushed below ventrum 
by hand, and then kicked backwards by fee t . 
3 .11 . Behaviour Displayed in Presence of Conspecifics: Strange 
male gerbi l s brought together in t e s t arena attacked each other 
almost continuously. However, the dominant individual 'foot—stomped 
and kicked sand repeatedly while approaching the submissive male. 
Only one of the 15 males t es ted , showed stereotyped ventrum-rubbing 
l ike that described for Heteromys (Eisenberg, 1963) or M.unguiculatu; 
(Thiessen and Yahr, 1977). I t was followed by side-rubs before 
approaching the opponent again. Apparently, however, there was no 
bathing as performed by males ind iv idual ly . 
Strange females also showed h o s t i l i t y but bathed a few times 
at separate loci before resuming exploration or agonis t ic pos tures . 
Figore 41 
Application of oil to the pelage of vantrum 
display intense vent rum rubs. Very few right 
and left rubs are performed. Sand digging 
appear after the actions. 
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Subjects of the opposite sex when released in t e s t - a rena 
evinced, however, much in t e r e s t in each other . There was much 
chasing of female by male, grooming of each other , nosing and some 
attempts at mountings. The females then selected a locus, digged 
i t and bathed by s ide-rubs , before se lec t ing another. The male 
dragged the ventrum and rubbed i t ' s side at each locus selected 
by females. Thus, the bathings by mates occurred in a sequence, 
or pa t t e rn ; though i t was also subjected to individual v a r i a t i o n s . 
4 . Discussion 
Most rodents possess an in tegra ted system of behaviour 
pa t te rns for coat care , or care of body surface (COBS) (Griswold, 
jet _al., 1977). This includes 'washing of f a c e ' , grooming and 
scratching (Barnet t , 1975). I t i s , however, observed tha t a 
number of species bathe in subs t ra tes as sand or dust to dress 
t h e i r fur (as referred to in the In t roduc t ion) . The bathing 
behaviour, l ike grooming has , however, other important aspects 
too; each of which apparently requires separate discussion. 
4 . 1 . Development of Behaviour: Bathing by rodents , or s t e r e o -
typed rubbings of body against the subs t ra te , probably s t a r t ed 
with the cleaning of fur in an area above and around the "ventral 
glands" developed to produce sebum for scent-marking (Thiessen 
and Yahr, 1977). This condition i s s t i l l found in some species 
luQ 
(Eisenberg, 1963), from which i t has been concluded tha t the primary 
function of behaviour l i e s in chemical communication; while i t ' s 
involvement in dressing pelage, even though now extensive, i s only 
secondary (Eisenberg, 1963). 
Thus, the behaviour as now displayed cons i s t s of three 
components ventrum-rubs, side-rubs and ro l l i ngs on back; which 
involve an equal number of fundamental acts ( l ) rubbing by an 
extension and flexion of body (2) r o l l i ng on back (.3) wriggling 
from side to side (Eisenberg, 1963). All of these, as a lso pointed 
out, are universal motor pa t terns in v e r t e b r a t e s . Thus, i t i s by 
in t eg ra t ing , or acting upon a few bas ic acts that na tura l se lec t ion 
has produced functional bathing p a t t e r n s . 
Accordingly, possible changes with spec ia l iza t ion have not 
emerged; there i s no d i s t inc t ion between components used for 
spreading sebum or dressing pelage. I t appears then that develop-
ment of special s t ruc tu res , as combs on toes by ctenodactylidae 
(George, 1978), are more important adaptations for coat care in 
rodents than sandbathing. 
4 . 2 . Bathing Pat terns Found: The bathing pa t te rns in species 
studied are , however, not s imi la r . They d i f fe r widely, and may be 
regarded even as species- typical (Griswold, e t a l . , 1977). However, 
v a r i a b i l i t y within the species i s found to ex is t because of the 
non-integrat ion of acts or lack of components (Eisenberg, 1963). 
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Thus, ventrum-rub i s the only action used in bathing by 
heteromyinae, but i t i s integrated with side-rubs in other 
heteromyids (Eisenberg, 1963), In cont ras t , Meriones persicus 
r o l l s dn back, while writhing from side to s ide (Eibl-Eibesfeldet ' , 
1951), The same aetions are displayed by Chinchil la (Eisenberg, 
1963). However, s ide-rubs occur to the exclusion of both ventrum-
rubs and r o l l s on back, in bathing behaviour of Ge'rbillus nanus 
(Kirchshofer, 1958). 
4 . 3 . Pa t te rns of Bathing in T. indica: The bathing pa t te rn of 
T. ind ica i s apparently s imi lar to tha t of G. nanus. Thus, s i d e -
rubs are mainly performed. The sides are rubbed a l t e r n a t e l y , and 
a sequence of actions directed towards the same s ide , as in 
heteromyinae (Eisenberg, 1963), i s seldom observed. Components as 
r o l l s on back and wriggling from side to s ide , are absent. 
However, some differences are also obvious between the two 
g e r b i l s . Thus, T. indi ca also display though infrequently, two 
ven t ra l rubbing components. One of them i s no more than a 'drag 
on ventrum' (Barnett , 19T5). However, the other, associated with 
offensive behaviour of male gerbi l s i s s imilar to stereotyped 
ven t ra l rubbing used for scent-marking. I t would appear that none 
of the two bathing behaviour'components, have been described for 
G. nanus. I t has, however, not been extensively observed e i t h e r . 
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4 . 4 . Functions of Bathing in T. in die a: The bathings in the 
subs t ra te by T. indica appear to serve,as found in many other 
species , functions in two di f ferent a reas . 
4 . 4 . 1 . Dressing Pelage: The behaviour i s prominently re la ted 
to cleaning of fur, or dressing pelage in the larger context . That 
amounts to removal by rubbing in subst ra te of ( i ) sebaceous 
sec re t ions , mostly l i p i d s , coming onto pelage and (2) s imi lar ly 
the mater ials that get stuck, or are applied, to i t . I t allowed 
to accumulate or adhere, the fur i s l ike ly to be matted (Borchelt , 
e t _al., 1976). Bathings res to re pelage condit ion. 
Of act ions performed, side-rubs are obviously used to dress 
the fur on dorsum. Thus, the same actions can be used to dress 
pelage on back, i f attempted for example at fr inges of depressions 
made in subs t ra te . This has actual ly been seen in natura l environ-
ment, but only p a r t i a l l y in t e s t arena which contained sand. 
Possible use of ventrum-rub to dress pelage of the underside, 
i s also compensated by digging of sand. Digging of sand probably 
cleans the soles and pads on feet and the fur on limbs, while 
pressing of sand beneath removes the mater ia ls adhering to fur 
on ventrum. 
Grooming and scratching are also observed with bathing, 
but i n t e r r e l a t i o n s h i p s , i f any, are subject to wide individual 
v a r i a t i o n . In tegra t ion of COBS components has been proved in 
JCangaroo r a t s , Dipodomys merriami (Griswold, e t _ a l . , 1977). 
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4 . 4 . 2 . Chemical Communication; Ventrum-rubs, i f not involved in 
pelage dressing, are perhaps used by gerb i l s for spreading s u b s t i -
tu tes to sebum or urine and secret ions from perineal glands 
(Elsenberg, 1963; Barnet t , 1975). The pheromones may be of help 
in demarcating t e r r i t o r y . But as ventrum-rubs are always in tegrated 
with s ide- rubs , i t appears that the same scent plays a ro l e even in 
individual i d e n t i f i c a t i o n s . This i s also evident from behaviour of 
mates in t es t -a rena , for male gerb i l s are observed to drag ventrum 
and ru\> the sides at locus of females. 
Apparently, the same s ignals are meant ( l ) to deter the 
in t ruding males (2) while a t t r a c t i ng the females. 
4 . 5 . Temporal Organization of Bouts: Sandbathing i s , however, 
in te r rupted to var iab le degrees by exploration; and wide individual 
differences are thus noticed in the da ta . S t i l l , the rubbings and 
sand-digging appear to be strongly cor re la ted . However, grooming 
and scratching are only occasionally used for cleaning fur, and 
have no similar re la t ionsh ip with bathing as sanddigging. Thus, 
sandbathing with sanddigging, forms the main pa r t of COBS phenomenon 
in ge rb i l s ; while other components are secondary. 
Temporal organization of cleaning bouts i s also s t r i c t l y 
cont ro l led , notwithstanding the va r i a t ions allowed in number of 
ac t ions , and the i r sequential pat terning; as found in Kangaroo r a t s 
(Griswold, et _al., 1977), Thus, s ide-rubs are main components; 
l b - i 
and ventrum-rubs whenever they appear, are in tegra ted with i t . 
/absolute frequencies are normally low. 
4 . 6 . Behaviour Pat terns Displayed After Deprivation: The effects 
of deprivat ion, or denial of substra te for bathing, have been 
studied in Kangaroo r a t s , (Borchelt, et a l . , 1976; Griswold, et a l . . 
1977). Their fur becomes matted and greasy due to accumulation 
of sebaceous secre t ions . Consequently, s ign i f i can t increments tafee 
place in bathing actions on access to subs t ra te again. The act ions 
tend to "c lus ter" at the beginning of bout, while other COBS 
components and exploratory a c t i v i t i e s appear l a t e (Griswold, e t a l . , 
1977). 
The pelage in ge rb i l s shows the same signs of de te r io ra t ion 
within a few days of deprivat ion. But the r e s u l t s found af te r 
short and long periods of deprivation, are not s imi lar to tha t 
described for Kangaroo r a t s . Thus, although short periods of 
deprivat ion produce s igni f icant sh i f t s in behaviour pa t t e rn s , 
r e l a t i v e frequencies of actions for subjects deprived for much 
longer periods are very low (Pigs . 35 and 36) . 
The differences found are accountable i f possible use of 
paper, given as i t was for nes t ing; as subs t i t u t e to subs t ra te for 
cleaning fur i s considered. Thus, shredded and used in l in ing the 
nes-t-boxes, the paper may have absorbed sebaceous secret ions by 
contact ; or may be when the rubs were attempted d i rec t ly on i t . 
Tlais i s possible as bathing acts are displayed by ge rb i l s often 
on wire-aesh floor of cages. 
Inc identa l ly , t h i s has some relevance for se lec t ion of 
nes t ing mater ia ls , specia l ly in the na tura l environment. 
4 . 7 . Alterat ions of Cleaning Boutst Treatments l ike ( l ) "Wetting" 
(2) appl icat ion of o i l simultaneously both to r i gh t and l e f t s ides 
of body (3) and tha t to fur on back, re lease intense bathing by 
side-rubs (P igs . 37 to 39). Relative frequencies are s igni f icant ly 
high, as compared to subjects deprived for short periods (Wilcoxon 
comparisons). The s ides are attended a l t e rna t e ly , while the actions 
tend to "Cluster" at beginning of bout . However, the bas ic organ!-
zation of cleaning bouts i s not affected by these modifications 
in pelage condit ion. These can be considered thus as "symmetrical" 
modifications, which include, i t may be emphasized, applicat ion of 
o i l on back. Thus, the fur on back i s also cleaned by s ide- rubs , 
as contended e a r l i e r . 
In cont ras t , treatments as appl icat ion of o i l to ( l ) r igh t 
side (2) l e f t s ide and (3) exclusively to ventrum, have di f ferent 
e f f e c t s . Thus, although r e l a t i v e increase in number of components 
performed i s about the same as with other treatment (XT t e s t , 
P < 0 . 0 5 ) , proport ionately more act ions are directed towards the 
t r ea ted than untreated side (Wilcoxon t e s t , P< 0.05; Pigs. 40 and 
4 i ) . "Clustering" of actions at beginning of bouts i s again 
observed; but t he i r temporal organization i s obviously affected by 
asymme t r i c al modi fi ca t i ons. 
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I t would appear that bathings are thus di rected in response 
to spa t i a l d i s t r ibu t ion of materials adhering to pelage. Thus the 
temporal organization of cleaning bouts i s a l te red to su i t r equ i r e -
ments, as in Kangaroo r a t s (Griswold, j t _ a l . , 1977). 
4 . 8 . Responses to Type of Materials Adhering to Pelage: However, 
s ign i f i can t sh i f t s in r e l a t i v e frequencies occur a f te r treatment 
of pelage with lanol in , but not water, in Kangaroo r a t s (Griswold, 
et a l . , 1977). This has been a t t r ibu ted to differences between 
.quality of two mater ia ls ; for water dr ies up rapidly while in 
comparison lanol in , or o i l , adhere strongly and require cleaning 
operations for longer per iods . These findings a re , however, not 
consis tent with present observations on g e r b i l s . 
The gerbi ls show ra ther quick ref lexes af ter wetting while 
there i s gradual slowing down of pace of motor pa t t e rns af te r 
appl icat ion of o i l . Evidently, water i s easi ly removed than o i l , 
which requires hard rubbings. However, r e l a t i v e increments in 
frequencies af ter treatments with both are about equal, unlike in 
Kangaroo r a t s (Figs . 37, 38 and 40) . 
Probably th i s difference in response to mater ia l s between 
the two species has some adaptive s igni f icance . The gerb i l s inhabit 
the regions tha t also receive regular r a i n f a l } , and cleaning of fur. 
Wet with water may be found necessary during some per iods . Unlike 
them, Kangaroo r a t s l ive in an environment where r a i n f a l l i s scanty, 
and such exigencies do not a r i s e . 
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Thus, such responses are influenced by environmental f a c to r s . 
4 . 9 . Testing of the Substrate: Often the time-lag or in te rva l 
between re lease and bathing by subjects in t e s t arena was very 
small . I t may be then conjectured that cues to subs t ra te , p a r t i -
cular ly about i t ' s t ex ture , are transmitted v i a the soles and pads 
of f e e t . Possibly sensations received at the same locat ions i n i t i a t e 
sand digging. I t i s , however, observed that sand i s also l i f t e d 
and eaten by hands in small amounts. I f i t has something to do 
with t e s t i ng of subs t ra tes , then visual cues may also be important. 
I t appears that t e s t ing of subs t ra tes occurs in many ways. However, 
further inves t iga t ions are required to c l a r i fy t h i s po in t . 
4 .10. Regulation of Sandbathing Behaviour of g e r b i l s , T. indica; 
J3andbathing behaviour of ge rb i l s i s highly stereotyped. I t ' s 
d i s t i n c t i v e features a re : ( l ) s table organization (2) one main 
component, or side-rubs that involve a l t e rna te extension and flexion 
of body, to dress the fur. Ventrum-rub, i f i t occurs, i s in tegra ted 
with s ide-rubs . Bathing may be integrated even with other COBS, 
but t h i s i s not evident from present data . 
Pat terns of bathings displayed by ge rb i l s are also consistent 
with functions that i t seemingly performs, of ( l ) dressing pelage 
and (a.) spreading pheromones to a s s i s t in chemical communication. 
I t i s , however, prominently re la ted to dressing pelage in ge rb i l s , 
as in Kangaroo r a t s (Griswold, et j t l . , 1977). 
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I t can be deduced from above that pa t t e rns of bathing 
displayed r e f l ec t the typical pa t te rns of sebaceous secret ions 
onto t he i r pelage (Griswold, eft^al., 1977). This i s to suggest 
tha t more secret ions are given out on dorsum than on ventrum of 
g e r b i l s . Thus, side-rub i s the only component required for cleanin 
fur; though i t has been subs t i tu ted by r o l l i n g s on back in other 
spec ies . 
However, the temporal organization i s read i ly a l te red with 
topographical changes in pelage condition (F igs . 40 and 4 i ) . 
Varia t ions also occur as to the type of components performed. Such 
a b i l i t y to adjust the behaviour has also been demonstrated in other 
spec ies , e .g . Kangaroo r a t s (Griswold, j e t j i l . , 1977). 
These changes in pat terning of behaviour components can be 
taken as evidence of two things: ( i ) that per ipheral input regulates 
the behaviour and (2) which i s e l i c i t e d from a cent ra l neural 
mechanism. Conclusions derived from observations of behaviour in 
Kangaroo r a t s , are also similar (Griswold, e>t . a l . , 1977). 
Summary 
Sandbathing behaviour of gerbi l jr. indica , consis ts mainly 
of s ide-rubs , but ventrum-rubs are also performed. Frequencies 
of bathing action are normally low, but s ign i f i can t increments 
occur with modification in pelage condit ion. The behaviour i s 
rapidly adjusted to the topographical va r i a t ions in pelage. 
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The r e s u l t s suggest that the behaviour i s regulated by 
peripheral inpu ts . Evidence of the existence of a centra l neural 
mechanism coordinating bathing, and in teg ra t ing i t with the COBS 
components, i s also given. 
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AGONISTIC BEHAVIOUR OP GERBILS 
1. Introduction 
Social behaviour includes a l l a c t i v i t i e s which influence, 
or are influenced by, members of the same species (Barnet t , 1975). 
Some aspects of i t have, however, received grea ter a t ten t ion in 
the study of •: rodent soc ie t i e s than others (Scot t , 1966; Barnett 
and Prakash, 1975). fhese are namely the powerful influences 
which bring about ( l ) grouping and (2) d i spe r sa l , of individuals 
(Calhoun, 1949; Barnet t , 1958, 1975). 
I f social in te rac t ions are thus not always amicable, at l eas t 
two main reasons are known to account for i t (Barnet t , 1967). Thus, 
rodents are t e r r i t o r e a l , or at tack and drive away a l l i n t rude r s , 
Including conspeeifics, from the i r t e r r i t o r y (Calhoun, 1949; 
Barnet t , 1958, 1964, 1975). There i s , however, conf l ic t even 
between members of the same colony, because of many competitive 
s i tua t ions and drives (Barnett , 1975). 
Such confl ic t has both physiological and ecological 
consequences (Barnett , 1958, 1975; Healey, 1967; Krebs, ,et a l . . 
1976). Social dynamics has thus great importance in determining 
the survival and success of the rodent species . I f i t happens 
to be a pes t , these questions na tura l ly assume or become more 
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important (Barnet t , 1964). Thus, species of Rattus have more 
often been studied in t h i s regard than others (Barnet t , 1975). 
Considerable a t t en t ion has also been paid to voles (Chitty 
and Phipps, 1966; Krebs, 1966) and s imi lar ly to other rodent species 
(Payne and Swanson, 1970; Wechkin and Held, 19 70; Swanson, 1974; 
Bei lharz , 1975; Lee, 1976). Compared to them, however, the 
behaviour of ge rb i l s i s only insuf f i c ien t ly known (Thiessen and 
Yahr, 1977). Results of s tudies on agonis t ic behaviour of T. indica , 
are discussed here . 
2. Material and Methods 
2 . 1 . The Subjects; Only wild-caught adult ge rb i l s (body-weight > 
100 g) were used in the study. The ge rb i l s were housed individual ly 
in wire-mesh cages, 1.32 x 1.00 x 0.32 m; and fed on a d ie t of 
cerea ls and vegetables . Water was given ad l i b . 
2 .2 . Experimental Procedure: 
2 . 2 . 1 . Preparat ion; The cages were kept p a r a l l e l to each other 
in a row, so that subjects had visual and olfactory access to each 
other . Tact i le st imuli were denied. 
The subjects were t ransferred with minimum of disturbance, 
in special ly designed box- t raps . 
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2 .2 .2 . Test Arena; Observations were made at the s t a r t of the 
a c t i v i t y period in the t es t -a rena an a l l - g l a s s aquarium with a 
metal l i d and 10 em. layer of sand for substrate (F ig . 32) . I t 
was located in a room where l ight ing was a r t i f i c i a l , of 60 watt 
red bulbs t o aid observations. There was no control over no ise , 
but when work s ta r ted the bui lding was usually qu ie t . 
2 . 2 . 3 . Method of Observation: An observer ( E ) sa t behind a 
black cloth screen at a distance of 2 m, from glass front of t e s t 
arena. The screen was provided with peep-holes by cut t ing the 
cloth a t appropriate pos i t i ons . 
Postures adopted and action seen were described by E in a 
Portable Tape Recorder (PRINZSOUND, Model TR3, No. 2929). Abbre-
v ia t ion of names, postures and actions (Begg and Nelson, 1977) 
were often used for desc r ip t ions . 
2 .2 .4 . Esrperimental Encounters: Encounters were followed between 
any two gerb l l s released In the tes t arena at about the same time. 
Al te rna t ive ly , one ge rb i l was allowed to res ide in i t for at leas t 
one day before the re lease of i n t e r l ope r s . Results of the two 
kinds of encounters were maintained separate ly . 
All possible combinations were t r i e d . In the f i r s t category, 
encounters were arranged between males (MM), females (EP) and males 
and females (MF). In the second category of t e s t s , i n t e r ac t i ons 
were observed between male res ident - male in te r loper (MM), male 
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res ident - female in te r loper (MP), female res ident - female 
in t e r lope r (PP), female resident - male in t e r lope r (FM). 
Each encounter was observed for 10 min., a f ter which the 
subjects were returned to or ig inal or house cages. 
2 . 3 . Analysis of Encounters; The r e c o r d s ^ were played back 
for 30 seconds each time, and i i behaviour described during i t 
was noted. The tape was replayed when required, for checking and 
cor rec t ion . 
Each encounter was then analysed to obtain the following 
informations: 
( i ) Postures, actions - frequency and duration of each, 
( i i ) Outcome of encounters, 
( i i i ) Total confl ict time in each encounter (ca lcula ted according 
to method given by Cars ta i rs (1979). 
( i v ) Displacement ac t s shown. 
2.4. S t a t i s t i c a l Analysis; The da ta was f i r s t arranged in to 
2 x 2 contingency t ab le s , and significance of frequency and 
duration of postures and actions was analysed. In t e r group 
differences were tes ted by analysis of variance (P t e s t ) . Sequence 
of act ions and postures was analysed by Markhov's chains ana lys i s . 
All calculattflBS were made according to methods described 
by Bailey (1959) and Lehner (1979). 
1 v, <i 
3« Results 
The r e s u l t s are summarized In Tables 2% to 3 t , and i l l u s -
t ra ted from P igs . 42 to 44. The r e s u l t s are described below under 
separate sec t ions . 
3 . i . Components of Encounters; Although there were quant i ta t ive 
d i f ferences , the body postures adopted and actions seen between 
two individuals occurred in a stereotyped manner. These are named 
and defined below. 
( i ) Attend; Direction of a t ten t ion of gerb i l s towards each other . 
(*•*) Approach; Directed movement towards the opponent, without 
any c h a r a c t e r i s t i c body pos i t ions . 
( i l l ) Pi 1 oerection; Standing of h a i r s , pa r t i cu l a r l y on the back 
of dominant or evenly matched g e r b i l s . 
( i v ) Offensive Sideways Posture; Sl ight curving of body and 
back by dominant gerb i l s before at tacking the sub-ordinate . 
(v) Defensive Sideways Posture; Body pos i t i ons , of var iab le form, 
adopted by sub-ordinate males and females to fend off the 
a t t acker . 
( v i ) Upright Posture; Adopted simultaneously by two g e r b i l s , 
which stood close and erect with mouths open and forepaws 
touching or moved f o r ' s p a r r i n g ' (Pig . 42) . 
i r,. •';* 
( v i i ) Low Upright Posture; Standing low ins tead of erect l ike 
the opponent, in the upright pos i t i ons . 
( v i i i ) Fleeing: Running and jumping away from the opponent. 
( ix ) Chasing: Running after the f leeing animal. 
(x) Attack leap: Leaping to knock down the opponent or 
catching i t by the fur on sides or h indquar ters . 
(x i ) Rolling Wrestling Fight; The combatants, oriented at 
90 to each other, r o l l i ng around the f loor in a compact 
b a l l (Fig . 43) . 
( x i i ) Submissive Postures: Lying f l a t on the back or in various 
posi t ions on the s ides . 
( x i i i ) Standing Over: Standing over the opponent with forelimbs 
on i t s chest (Fig . 44) . 
(xiv) Bi t ing : Snapping by teeth that caused wounds ranging 
from abrasion to tearing of skin of the opponent. 
(xv) Lunging: Movement towards the opponent with in tent ion 
to b i t e . 
(xvi) Pull-Pack: Withdrawing from the a t t acker . 
Figure 42 
•Upright' posture adopted toy two gerb i l s with 
forepaws touching. 
Figure 43 
The two gerbils oriented at 90 to each other, 
abdomens touching, roll around the aquarium floor 
in a compact ball. 
Figure 44 
The at tacker gerbi l stood over the opponent with 
forepaws res t ing on opponent's chest . 
1J6 
Fig . 42 
• • • I I I 
• p 
^1 
a 
•WH9kti*% 1 
Fig . 43 
F i g . 44 
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(xv i i ) Crouching: Remaining motionless with back bent , head 
held low and a l l four feet touching the f loor . 
( x v i i i ) Displacement Acts: Actions not re levant to s i tua t ion , 
, as (a) sand-bathing, (b) sand-digging, (c) face-washing, 
(d) grooming and (e) marking. 
(xix) Contact Behaviour: Actions in which the two gerb i l s made 
t a c t i l e contact , as (a) nosing, (b) inves t iga t ion , 
(c) anogenital snif f ing, (d) ventral -gland snif f ing, 
(e) push-past, ( f ) crawling-under, (g) crawling-over, 
(h) huddling, ( i ) allogrooming. 
(xx) Sexual Behaviour: Mounts by one subject on to other 
from back. 
(xxt) Exploring: Movement in around the cage with sn i f f ing , 
handling and l icking of many objec ts . 
( xx i i ) Grooming: Licking,scratching of body surface. 
3 .2 . Analysis of Encounters in Neutral Ter r i tory : The t e s t arena 
represented a neut ra l t e r r i t o r y when the gerb i l s were released in 
i t at about the same time. The responses that followed were, 
however, agonis t ic , the behaviour was seldom amicable. The l a t t e r 
has been described separately at the end of th i s sec t ion . 
l i -o 
3 . 2 . 1 . Outcome of Encounters; All encounters, except between 
adul ts and juveni les , resul ted in aggression. There was also no 
latency to a t tack , even when the subjects belonged to opposite sex. 
In a l l MM and FP encounters, the heavier animal always 
dominated or won over the animal of lesser body-weight. However, 
the males always dominated the females in a l l MF encounters, except 
one in tiiich the male had been outweighed by female to very cons-
picuous extent . 
3 .2 .2 . In jur ies Received - Frequency and Location; No v i s i b l e 
i n j u r i e s occurred in MF and FF encounters, though many in ju r i e s 
resu l ted from MM encounters. The number and sever i ty of wounds 
showed, however, considerable v a r i a t i o n . 
In ju r ies were seen on almost a l l par t s of the body- ta i l , 
t runk, limbs, head; and about the l a s t there were even separate 
cuts on n o s t r i l s , l i p s , cheeks ,e tc . The severi ty of wounds ranged 
from minor euts to t e a r s , but large bleeding t ea r s were not observed. 
Most b i t e s on body proper resul ted in removal of fur , and 
the loss was v i s i b l e even on the following days. 
3 . 2 . 3 . Frequency and Duration of Behaviour Components? The 
frequency and duration of behaviour components analysed, varied 
widely; so that the standard deviation was often very large , 
exceeding half of mean values (Tables 2% to 30) . Group differences 
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Table - 2$ 
Frequency of Responses 
Responses S or D Male-Male Male-Female Female-
Female 
At tend S,D 
Approach D 
Ro l l i ng w r e s t l i n g f i g h t S,D 
Standing over 
Offensive sideways 
pos tu r e 
Upright pos tu r e 
F lee ing 
Chasing 
Low u p r i g h t pos tu re 
Defensive sideways 
posture 
Sand-digging 
Explor ing 
Face-washing 
Grooming 
S ide - rubs (Bathing) 
Marking 
T a i l - s h a k i n g 
D 
D 
S,D 
S 
D 
S 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
D 
D 
3.0 + 1.52T 1.5 + 0 .5 3.5 + 0.5 
0 .3 
3.0 + 0.57 3.0 + 0 .31 12.5 + 5.524 
2.66+ 0.882 
4.00+ 1.154 
4.00+ 1.154 
1.00+ 0.13 
6.00+ 1.51 
1.0 + 0.5 1.0 + 0.5 
2.0 + 0.513 2.0 + 0.732 
2.0 + 0.513 2.0 + 0.732 
3.0 + 1.26 6 .0 + 1.732 
3.0 + 1.17 3.12 + 1.15 
1.66+ 0.334 
3.421+0.156 1.21 + 1.1 
3.5 + 1.21 
200 
Table - 28 
Duration of Responses 
Responses 
Attend 
Approach 
Rol l ing w r e s t l i n g 
f i gh t 
Standing over 
Offensive sideways 
p o s t u r e s 
Upr ight pos tu re 
F lee ing 
Chasing 
Low up r igh t pos tu re 
Defensive sideways 
pos tu re 
Sand-digging 
Explor ing 
Pace washing 
Grooming 
S ide - ruhs (Bathing) 
Marking 
T a i l - s h a k i n g 
S 
s, 
D 
s, 
D 
D 
s, 
s 
D 
S 
s 
0 
s 
D 
S 
D 
S 
D 
S 
D 
D 
D 
o r 
iD 
D 
D 
D Male-Male 
1.0 
12.0 +5, 
4 .0 +0 
5 . 0 
83.0 +36 
29.0 +5. 
29.0 +5 . 
3 . 0 
5 . 0 
60.0 -
60 .0 
10.0 
10.0 
1.0 
5 . 0 
-
.032 
J. 176 
686 
686 
Male-Female 
1.0 
5.0 + 1 
-
5 . 0 
9.31+ 1, 
. 3 1 
,97 
33.00+7.91 
33.00+7, 
-! 
60.0 
60 .0 -
60 .0 
60 .0 
10.0 
10.0 
10.0 
10.0 
-
5 . 0 
-
,91 
Female-Female 
1.0 
16.50 + 0.577 
• -
5 . 0 
12.1 + 1.32 
58.5 + 1.79 
58.5 + 1.79 
-
5 . 0 
60.0 
30.0 
60 .0 
60.0 
10.0 
10.0 
10.0 
10.0 
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were, therefore , not s ign i f i can t . However, the behaviour of 
dominant and subordinate ge rb i l s differed considerably. 
Thus, some postures were c lear ly associated with dominant 
animal, e .g . offensive sideways posture, foot-stomping, standing 
over; while others were displayed only by subordinate gerb i l s -
as defensive sideways posture, crouching, e t c . (Tables 2$ to 3Q). 
Similar ly , some act ions were performed by dominants only, as a t tack 
leap, ehasing; and others by subordinates, as f lee ing , pu l l back, 
jumping, leaping, e t c . (Tables 2ff to 3o). 
The same differences extended to the performance of some 
displacement a c t s , as marking, side-rubs and t a i l - shak ing . However,-
most others were performed by both animals though to var iab le extent 
(Tables 2ff to 3d) . 
However, the frequency and duration of agonis t ic responses 
were grea ter generally in MM than PP encounters; while t h i s was 
obversely true of displacement ac ts (Tables 27 to 30) . Thus, the 
t o t a l conf l ic t time was greater in MM than PP encounters; i t was 
minimum in encounters of MP type (Table 3 i ) . 
3 .2 .4 . Temporal Changes in Boutss In some encounters, the confl ic t 
between gerb i l s was most intense in the f i r s t two to three minutes 
from s t a r t . I t was then frequently in terrupted by displacement 
a c t s , while def in i te signs of warning were evident in the l a s t 
phase. However, a l l encounters did not phase out as explained. 
204 
09 
d o 
o 
© (0 
d 
•H 
•P 
O 
•H 
f t 
«H 
g 
o 
|H 
CO 
-P 
o 
d 
© 
w 
o CM 
1 
o Tj» 
CO 
• CO 
•H 
+1 
w OJ 
• 
10 
•H 
•H 
>»»* 
• < * 
t -
1 
CO 
T4 
< * • 
t -
00 
• 00 
+1 
CO 
CO 
•H 
• CM 
• > * 
,-"* CM 
00 
1 
•H 
r-l 
CM 
•H 
» CO 
+ 1 
CO 
00 
• 
o CM 
KO 10 
o CO 
•H 
1 
W 
tM 
•H 
>
—' 
Cft 
o lO 
• t -
•H 
+• 
o 
IO 
• 
ca 
x* 
T-4 
0> 
o CM 
1 
<M 
CO 
•—«» 
00 
o 
o 
• 
oo 00 
+1 
o 
o 
• 
•H 
CM 
•H 
OJ 
•H 
•H 
1 
•H 
"<# 
w 
0J CM 
• 
•H 
CM 
+1 
CM 
OJ 
• 
<H 
t -
05 
rH 
•H 
1 CM 
eo 
s
- ' 
oj CM 
• 
•H 
Tit 
+ 1 
CO 
•H 
• 00 
o 
•H 
10 to to io 
55 
CM CO CO 
© 
P 
O 
© 
d 
CO CO CO CO 
u 
© 
d 
3 O 
o 
d 
E3 
P1 
»• 
+> d 
© 
•H 
© 
a 
205 
This was special ly t rue of combats between animals evenly matched 
for body-weight. * 
Thus, although some s i m i l a r i t i e s were obvious, there was 
s t i l l very wide degree of va r i a t ion in temporal pa t te rn ing of bouts 
arranged* 
3 . 2 . 5 . Analysis of Sequences? Two to five step sequences of 
postures and actions were analysed for most encounters. The longer 
chain of responses occurred in the beginning of bout, while i t broke 
down in the l a t t e r p a r t . All combinations of postures and actions 
occurred, but some were more common. Thus,^attack leap-rolling 
wrest l ing f i g h t , ' r o l l i n g wrest l ing f i g h t r upright posture, 'upright 
posture - offensive sideways posture^: upright posture - f leeing, 
^ I I Av. •- , „ 
fleeing - chasing, offensive sideways postures - submissive posture 
are thus some examples of two step sequences. More va r ia t ion was 
evident in longer chains of responses. 
None of the sequences achieved, however, s igni f icant l eve l s ; 
though i t appeared that the data was also not quite suff ic ient for 
the purpose. 
3 . 3 . Analysis of Encounters between Residents and In te r lope r s ; 
3 . 3 . 1 . Outcome of Encounters: All in t e r lope r s were attacked by 
the r e s iden t s , and in most f ights they won or i t ended without any 
r e s u l t . Thus, the outcome was not always influenced by r e l a t i v e 
2UG 
body-weights, though very heavy in t ruders did succeed in overcoming 
the smaller r e s iden t s . This was, however, observed in only one 
ins tance . 
9 
The males, however, always dominated the females in the 
encounters observed; hut greater disparity in weight might have 
affected the result if desired. 
3.3.2. Injuries Inflicted: Although no quantitative estimates 
were made, more injuries were received by interlopers than by sub-
ordinate gerbils in encounters over neutral territory. The location 
and severity of injuries were, however, not different from that 
described in 3.2.2. 
3.3.3. Frequency and Duration of Behaviour Components: The male 
residents always showed piloerection, though it was not very 
extensive, other postures and actions performed, and displacement 
behaviour shown were similar to that described in 3.2.3. 
However, the frequency and duration of agonistic postures of 
gerbilss were significantly greater in resident: interloper 
encounters than in encounters between subjects over neutral 
territory (F test, P< 0.05; Tables 2$ to 30). Similarly, displace-
ment behaviour was performed more by residents than intruders, 
though the differences between frequency and duration of each act 
in the two situations were not significant (F test, P>0.05; 
Tables 2® to 30). 
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Obviously thus, t o t a l conf l ic t time in res idents in te r loper 
encounters was more in each group than that measured for them in 
kind of in te rac t ions arranged e a r l i e r (Table 3 i ) . The differences 
were also s ignif icant ( t t e s t , P < 0 . 5 ) . 
3 .4 . Amicable Responses? Although agonist ic responses were 
more common, some amicable behaviour pa t t e rns were also performed. 
In some encounters, the frequency and duration of these responses 
was grea te r than that of agonis t ic responses. 
Amicable responses consisted of what has been described 
e a r l i e r in contact behaviour in section 3 . 1 . All such behaviour 
together with submissive- postures increased amicabi l i ty , or reduced 
c o n f l i c t . There was, however, considerable va r i a t ion in performance 
of contact behaviour. Quantitative estimates were, therefore , not 
made. 
4 . Discussion 
4 . 1 . Social Organization; Wild r a t s are e i the r ( l ) s o l i t a r y , or 
(2) colonia l ; though some species are evidently capable of both 
types of existence (Barnett and Prakash, 19 75). The ge rb i l s , 
T. indica are not s o l i t a r y , but l ive in colonies; the size of 
which var ies* however, considerably in the Kn&fcui'al environment. 
Probably the family group cons t i tu tes the bas ic social unit in 
t h i s species; i t can mult iply, however, without breakup. Thus, 
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as news paper repor ts often t e l l , upto 300 individuals are recovered 
from the same burrow. 
4
* 2 . T e r r i t o r i a l i t y ; I r respec t ive of social organizat ion, most 
rodent species studied have been found to display t e r r i t o r i a l 
behaviour (Barnett , 1975). Te r r i t o r i e s are demarcated, e .g . by 
marking. The home area i s also marked by ge rb i l s ; though not 
from secret ions of any functional scent gland, l ike M. unguiculatus 
(Thiessen and Yahr, 1977) or more closely l iv ing species as 
M. hurrianae (Barnett and Prakash, 19 75). Moreover, only the males 
are found marking in enclosures (Tables 2§ to 3D). The t e r r i t o r y 
i s , however, defended by a l l adult res idents l ike Mongolian ge rb i l s 
(Wechkin and Cramer, 1971). In the na tura l environment, members 
of the same colony may even jo in in a pack to chase strange 
conspecif ics , l ike R. r a t t u s (Eibl -Eibesfe ldt , 1953). This has , 
however, not yet been def in i te ly proved. 
4 . 3 . Social Behaviour; There i s no difference in socia l 
behaviour of adult g e r b i l s . Such differences are not found even 
In R. r a t t u s or R. v i l los i ss imus (Ewer, 1971; Begg and Nelson, 1977); 
though older s tudies of i t great ly emphasize t h i s aspect (Barnet t , 
1975). All i n t e r ac t i ons , both within and between the sexes r e s u l t 
In aggression. The same i s true of Mongolian gerb i l s (Swanson, 
1974; Tables 28 to 3i>). There i s , however, more severe conf l ic t 
between the males; though h ie ra rch ia l differences in rank are not 
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found. However, such agonist ic responses within the group may 
have important functions, e .g . in spacing out individuals (Barnet t , 
1975). 
Although much of the behaviour i s agonis t ic , amicable 
responses are also present . Their more specif ic use l i e s in 
a t t r a c t i n g individuals to each other so tha t fundamental a c t i v i t i e s 
as reproduction, care of young, e t c . are performed (Eibl -Eibesfe ld t , 
1953). However, these seem to reduce aggression as well . 
The s t a b i l i t y of socia l s t ruc ture in ge rb i l s l ike other 
rodent species , thus depends on both agonist ic and amicable 
behaviour pa t te rns (Barnett and Prakash, 1975). However, more 
violence i s obviously directed towards i n t e r lope r s ; as i s evident 
from the grea ter conf l ic t time recorded in res iden t - in te r loper 
* encounters than in in te rac t ions arranged in neu t ra l t e r r i t o ry 
(Tables 2§ to 3fl). 
^•*» Signals; Such powerful influences as 'grouping' or 'harding ' 
and ' d i s p e r s a l ' of ind iv iduals , a re , however, mediated by a large 
array of v i sua l s igna ls , or postures (Tables 2$ to 3D). Signall ing 
by other means - olfactory, auditory and chemical; may also be 
important. However, these have been paid r e l a t i v e l y l ess a t ten t ion 
in inves t iga t ions of social behaviour of rodents (Eibl -Eibesfe ld t , 
1953; Barnet t , 1975; Thiessen and Yahr, 1977). 
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4 . 5 . PostaresAdopted by Gerbils: The gerbi l s use the same 
postures as other rodents , l ike R. r a t t u s , R. norveglcus or 
£• v i l los i ss imus (Barnett , 1975; Begg and Nelson, 1977). There 
a re , however, some minor differences in the i r form; and also in 
s i tua t ions in choice in which they appear. Thus, p i loerec t ion 
i s ne i the r extensive nor very marked as derived for R. r a t t u s , 
R. norvegicus or R. vil losis 'simus (Barnet t , 1958; Ewer, 1971; 
Begg and Nelson, 1977). There i s no r i t u a l i z a t i o n of approach, 
or of offensive side ways postures as found in the same species 
(Begg and Nelson, 1977). Differences also ex is t between the form 
of crouching and submissive postures adopted by ge rb i l s and Rattus 
species . There i s no difference, however, in the i r e f f ec t s . 
Association of audible s ignals with v i sua l s ignals in ge rb i l s 
i s a lso unique. Tooth-chattering i s linked to standing over, while 
subordinate gerb i l s vocalize only infrequently when fleeing or 
crouching. By cont ras t , both dominant and sub-ordinate animals 
are noticed to vocalize extensively in encounters of Rattus species 
(Barnet t , 1969; Begg, 1975, 1976; Adams, 1976). 
4 . 6 . In ju r i e s ; Although there are group differences for both 
the frequency and duration of responses (Tables 2§ to 3D), v i s i b l e 
i n j u r i e s i n f l i c t ed are very few. These may not r e f l ec t back of 
physical strength in g e r b i l s , for even female g e r b i l s , l ike other 
rodents , t i l l cage mates or in t e r lope r s while l ac t a t ing (Barnett , 
2 
1975; Begg and Nelson, 1977). Inh ib i t ion of agonis t ic responses 
over a time sequence, somehow eheck physical damage; as observed 
e a r l i e r in R. v i l los iss imus (Begg and Nelson, 1977), 
4 . 7 . Aggressive Motivation and Response Sequences: Aggressive 
motivations d i f fer according to circumstances, e .g . in 'home* and 
•unoccupied' t e r r i t o r y ; but in each s i tua t ion at tack-responses 
wane in a cha rac t e r i s t i c manner. Actions of the more damaging 
type-at tack leaps, lunges, ro l l ing-wres t l ing f igh t s ; are followed 
by l e s s damaging acts and postures - upright pos ture , offensive 
sideways posture . Displacement acts then appear to d i rec t the 
motivations fur ther . Probably thus, response chains occur in 
g e r b i l s , as they do in such behaviour of other rodent species 
(Begg and Nelson, 1977). These are, however, ye t to be analysed; 
though indicat ions to i t are also evident in th i s study. The same 
i s t rue perhaps about the temporal pat terning of contact behaviour, 
or amicable responses. However, these have not been adequately 
t e s t e d . 
4 , 3 . Displacement Acts; The gerb i l s also indulge in some kinds 
of displacement a c t s , except for bathing, as other rodent species , 
specia l ly the Rattus (Tables 29 to 3D; Ewer, 1971; Barnet t , 1975; 
Begg and Nelson, 1977). These appear to have the same functions, 
of expanding the aggressive i n t e r e s t s and extinguishing surplus 
energy (Barnett , 1975). Some acts are thus r e s t r i c t e d to dominants 
t-* A. £~ 
only, while others are obviously performed by both animals, as 
observed in other species (Barnett, i975; Begg and Nelson, 1977). 
Thus, there i s multipl icity of releasers* responses and 
actions in the social behaviour of gerbi ls . Their behaviour, l ike 
that of other rodent species represents a continuum of fixed action 
patterns, and response sequences. Variability inherent in i t , 
however, defies superficial analysis . More investigations are 
obviously needed to obtain a eonceptlonal understanding of social 
. behaviour of gerbi ls . The present results obviously f u l f i l the 
social interactions to only a small extent. 
Summary 
The agonistic behaviour of male-male (MM), female-female (PF) 
and male-female (MF) pairs of T. indloa was recorded and analysed. 
Each encounter was observed for 10 minutes duration. The acts 
and postures are described. In neutral territory, the responses 
were agonistic rather than amicable. 
The males always dominated the females. The frequency, 
duration of agonistic postures and total confl ict time were 
s ignif icantly higher in resident - interloper encounters than in 
encounters between subjects in neutral territory. There i s mult ipl i -
c i ty of releasers,responses and actions in the social behaviour of 
gerbi l s . 
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INTRODUCTION 
The Indian gerbil, Tatera indica indica, colonizes both fallow land and cultivated 
fields. In the latter situation, it causes extensive damage to cereal crops (Barnett & 
Prakash, 1975). Several authors have studied their feeding habits, in the field and 
also under laboratory conditions (Prasad, 1954; Prakash & Kumbhkarni, 1962; 
Prakash, 1962, 1966, 1968^,1973; Prakash k Ghosh, 1975). Their diet reportedly 
includes seeds, vegetable matters and insects. 
The present laboratory experiments were designed to determine the 
preferences of T. indica for cereal grains and their flour, and also to ascertain the 
effects of various types of additives. Such information is essential for the 
formulation of attractive baits for the control of this rodent. 
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MATERIALS AND METHODS 
Gerbils, T. indica indica, were trapped from fallow land around Aligarh. The 
animals were sexed, weighed and housed in galvanized wire-mesh cages of size 
1.12 x 1.0 x 0.3 m or a cement tank of 1.8 x 1.5 x 1.2 m. Sand in dissection trays 
(26x13x5 cm) was given for bathing. Six bisexual colonies, each of 3 to 5 
gerbils, and 2 females caged singly were maintained for the experiments. All were 
adults, ranging in weight from 56 to 188 g; females generally weighed less than 
males. Six days were allowed for acclimatization in the laboratory, during which 
they received rat diet 41. Water was given ad lib. 
The foods tested were commercial varieties of millet {Pennisetum typhoideum), 
sorghum {Sorghum vulgare), wheat {Triticum aestivum), barley {Hordeum vulgare), 
paddv [Oryza sativa) and polished rice, and maize (Zea mays); and unextracted 
llours of millet, maize and wheat. Polished rice and paddy were treated as two 
kinds of foods. The additives—fructose, glucose, sucrose, and oil of groundnut 
(Arachis hypogea), were mixed with dry cereal bases or moist foods in con-
centrations of 596 (sugars) and 3% (oil). Moist foods were tested according to 
Khan (1974). 
Two kinds of foods, weighed to +5 g, were given at a time in a metallic food-
tray. The residue, including spillage, was weighed next day. The same food or 
mixture was not given to any colony in consecutive tests. Each test was done for a 
minimum period of seven days. 
Seven whole cereals were compared in 21 combinations. In the first series of 
tests, the six colonies received millet in combination with either sorghum, barley, 
paddy, wheat, polished rice and maize. In the second series sorghum was given 
with barley, paddy, wheat, polished rice and maize to five different colonies. Next 
barley was similarly compared to paddy, wheat, polished rice and maize on four 
colonies. Tests were continued in this manner, and the last combination tested 
was that of rice with maize. Other foods were similarly tested in pairs, and 
replicates were run when possible. 
Calorific values of foods were read from Aykroyd's manual (1963), and those 
of mixtures calculated according to Khan (1974). Student's " / " test (Bailey, 
1959) was used for ascertaining the significance of preferences observed. 
RESULTS 
Results are summarized in Tables 1 to 4 and Figs 1 to 4. 
Cereal flours. Millet flour was clearly preferred to maize flour and wheat flour 
(/3<3&ft5); and maize flour to wheat flour (Table 1; Fig. 1). 
Cereal flours and whole cereals. Cereal flours were not cross-tested with all the 
seven seeds. In one test, however, a surplus of whole millet and millet flour was 
given to a colony of 3 gerbils. The residue was weighed after 10 days. Whole 
millet was eaten in preference to millet flour (Fig. 1). But in another colony wheat 
Hour was preferred to whole millet (Table 1). 
Whole cereals. Millet was preferred to barley, paddy and maize ( P ^ O . 5 ; Fig. 2) 
and more so to wheat, rice and sorghum, which were completely ignored 
( jP<0.5;Table2;Fig. 2). 
Sorghum was only slightly preferred to paddy {P «£0.5), but much favoured 
over barley, wheat, rice and maize in that order (Table 2, Fig. 2). 
Paddy and barley were eaten in almost equal amounts (mean daily con-
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Figure 1. Mean daily consumption of cereal flours in g/clav. Inside, bars show the standard errors of 
the mean. In one test whole millet was preferred to millet flour. 
Table 1. Relative consumption ratios when the choice consisted of cereal flour: 
whole grain or two kinds of cereal flours. Calorie equivalents of the daily intakes 
are also given 
Test No. of 
No. gerbils Food offered 
Mean daily 
intakes 
ratio 
CaJories/dav 
Total 
calories/100 g 
bodv wt/day 
1 
•) 
3 
4 
5 
3 
4 
4 
4 
4 
Millet flour; whole millet I 
Millet flour; maize flour 1 
Millet Hour; wheat flour 1 
Maize flour; wheat Hour 1 
Wheat flour; whole millet 1 
1.25 
0.77 
0.15 
0.55 
0.55 
08.40 
108.00 
140.40 
126.70 
143.26 
111.60 
79.64 
22.50 
7 1.25 
75.60 
49.60 
31.37 
27.24 
33.10 
36.59 
sumption—17.0± 2.16 g paddy; 16.0+ 1.56 g barley; Fig. 2), but the former 
contributed a greater percentage of total calories (Table 2). Both grains were, 
however, preferred to wheat, rice or maize (P-^0 .5 ; Table 2; Fig. 2). Wheat was 
preferred to rice and maize (Fig. 2); and rice to maize (Fig. 2). 
Apparently, the order of preference was linear, i.e. millet > sorghum > barley 
> paddy > wheat > rice > maize. 
Moist foods. More boiled rice was eaten than dry millet or dry rice (Table 3; 
Fig. 3). 
Sweet foods. Soaked wheat + sucrose was preferred to plain soaked wheat 
(.P-^0.5; Table 4; Fig. 4). However, the latter was preferred to soaked 
wheat + saccharin (Table 4; Fig. 4). 
Cereal flours mixed with sugars, except lactose, were consistently preferred to 
plain wheat flour (P <^0.5; Table 4; Fig. 4), in the order fructose > sucrose > 
glucose. The lactose mixture was rejected (Fig. 4). 
Oily foods. Wheat flour + mustard oil was avoided, while the mixture with 
tasteless groundnut oil was only slightly preferred lo the plain alternative 
(Table 4; Fig. 4). 
Regulation of food intake. When caged alone, the gerbils consumed about 15 to 
P. V. KUMARI 8c J. A. KHAN 
Figure 2. Consumption of cereal grains in g/day, with standard errors shown as inside bars, given in 
combination o( two at a time. Less preferred foods were generally eaten in copious amounts. 
Table 2. Whole cereal grains were cross-tested in 21 combinations. Ratios of 
mean daily intakes and consumption due to calories, show that the order of 
preference for them is linear 
Test 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1.5 
16 
17 
IS 
19 
20 
21 
No. of 
gerbils 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Food offered 
Millet; sorghum 
Millet; barley 
Millet; paddy 
Millet; wheat 
Millet; rice 
Millet; maize 
Sorghum; barley 
Sorghum; paddy 
Sorghum; wheat 
Sorghum; rice 
Sorghum; maize 
Bailey; paddy 
Barley; wheat 
Barley; rice 
Barley; maize 
Paddy; wheat 
Paddy; rice 
Paddy; maize 
Wheat; rice 
Wheat; maize 
Rice; maize 
Mean daily 
intakes 
ratio 
1:0.16 
1 :0.50 
1 :0.50 
1.0.11 
1 : 0.08 
1 :0.43 
1 :0.38 
1 : 0.90 
1 : 0.12 
1 : 0.10 
1 .0 .13 
1 : 1.25 
1 : 0.19 
1 :0.58 
1:0.62 
1 : 0.12 
1:0.50 
1 : 0.37 
1 :0.38 
1 :0.35 
1 :0.62 
Calories/day 
135.28; 20.94 
85.44; 40.32 
121.04; 59.50 
92.56; 10.38 
121.04; 10.35 
74.76;30.78 
118.32; 43.68 
69.25; 56.00 
114.84; 13.84 
135.72; 13.80 
177.48; 23.94 
53.76; 59.50 
106.07; 20.76 
63.84; 38.50 
73.92; 44.46 
112.00; 13.84 
77.0; 37.95 
136.50; 47.88 
89.96; 34.50 
79.58; 27.36 
100.05; 61.56 
Total 
calories/100 g 
body wt/day 
34.18 
34.34 
39.50 
28.10 
36.17 
28.82 
35.45 
34.30 
35.43 
40.85 
44.07 
30.92 
34.74 
27.95 
25.89 
31.45 
28.72 
46.07 
34.27 
29.45 
35.36 
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Figure 3. Boiled rice was more preferred to dry millet and dry rice. 
Table 3. The choice of gerbils for moist foods compared to dry foods. The 
former are eaten in relatively large amounts 
Test No. of 
no. gerbils Food offered 
can daily 
intakes 
ratio 
Calories/ dav 
Total 
calories/100 g 
body wt/dav 
Boiled rice; millet 
Boiled rice; rice 
1:0.13 
1 :0.6Z 
100.34; 14.40 
79.58; 48.44 
31.33 
32.00 
16 g/100 g body weight/day or 59.02 to 60.84 calories/100 g body weight/day 
(Tables 1 to 4). In all the colonies, however, an excess was always balanced off 
with lesser intakes of food in the following days. 
DISCUSSION 
The gerbils preferred one of the two foods offered. But they were eaten in 
variable amounts, and mean intakes of the less preferred foods differed 
40 
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Figure 4. Addition of sugars increased the consumption of cereal foods, but not saccharin. Taste-less 
groundnut oil affected the preference only marginally. 
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Table 4. The preference of gerbils for mixtures of cereals with sugar, saccharin 
and oil when compared to plain foods 
Food oflered 
Soaked wheat + sucrose; soaked wheat 
Soaked wheat+ saccharin; soaked wheat 
Wheat flour + fructose; wheat flour 
Wheat Hour + sucrose; wheat Hour 
Wheat flour + glucose; wheat flour 
Wheat flour + lactose; wheat flour 
Millet + groundnut oil; millet 
Wheat flour + groundnut oil; wheat flour 
Wheat flour + mustard oil; wheat flour 
Mean daily 
intakes 
ratio 
1 : 0.45 
1 :0.90 
1 :0.33 
1 :0.55 
1 :0.90 
1 :5.00 
1 :0.83 
1 : 0.77 
1 : 5.00 
Calories/day 
136.00: 
74.40; 
60.87: 
56.60; 
52.94 ; 
18.91; 
49.33; 
57.70; 
20.10; 
; 00.32 
07.80 
22.02 
30.16 
45.24 
75.40 
39.60 
41.47 
90.48 
Total 
calories/100 g 
body wt/day 
42.90 
39.20 
00.45 
59.02 
26.83 
60.84 
24.36 
67.50 
75.23 
considerably (Tables 1 to 4; Figs 1 to 4). In some tests, barley :paddy, the 
difference was only marginal (Fig. 2). That indicated the tendency to vary the diet 
or "omnivory", which is advantageous in the natural environment (Khan, 1974; 
Barnett, 1975). It thus helps to widen their choice of foods, which also include 
insects (Prasad, 1954; Prakash & Kumbhkarni, 1962). 
But the gerbils could also concentrate to eat one particular food, as when 
millet and sorghum were compared to wheat or rice, or moist foods were 
presented with dry alternatives (Tables 2 and 3; Figs 2 and 3). But then also the 
latter foods were eaten, even though in very small amounts. Thus they 
"sampled" all the foods available, including those which were eaten very little; 
much like the species of Rattus, R. norvegicus and R. rattus (Barnett, 196(}; Khan, 
1974). Linked to omnivorous habits, such behaviour of "sampling" has survival 
value (Barnett, 196Q). Foods can thus be tested for their consequences (Rozin & 
Kalat, 1971; Barnet, 1975); enabling them to select "safe" foods and avoid the 
toxic alternatives (Prakash &Jain, 1971). 
Sampling also initiated perhaps, the rapid changes in choice once superior 
foods became available. Compared in cross-tests, the foods were thus selected in 
a linear order. Unextracted flours of millet, maize and wheat were preferred in 
the order named. In whole cereals, millet was much favoured by the gerbils, 
followed by sorghum, barley, paddy, wheat, rice and maize (Fig. 2). Tested 
similarly a given access to several choices at a time (Cafetaria feeding), the 
omnivorous species of Rattus also select foods in a linear order (Barnett & 
Spencer, 1953; Barnett, 196^; Garciaetai , 1974; Khan, 1974). 
Of the factors influencing preference, early feeding experience (Galef & Clark, 
1971) and texture, taste and calorific value of foods are of utmost importance 
(Barnett & Spencer, 1953). Little is known about the diet ofTatera before capture. 
The influence of texture, taste and calorific value are, however, obvious from the 
results obtained. 
The response of gerbils, unlike the species of Rattus, to finely divided foods was 
equivocal. Fine texture was a cue to "bathing"; cereal flours were rather taken 
for sand and the gerbils rolled in them frequently. Texture clearly influenced, 
however, the choice shown for whole grains. Millet and sorghum were probably 
favoured because of their small size and smooth consistency (Khan, 1974). Maize 
was clearly rejected for lacking both and wheat for being harder (Fig. 2). Milling 
of rice perhaps hardens the grains, and polished rice was not accepted (Fig. 2). 
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Evidently, paddy and barley have a more agreeable texture than wheat or rice. 
Moist foods may have been preferred for their softness and extra-water, an 
added attraction in tropical climates (Barnett, 1960; Khan, 1974). 
That taste affected the choice, is obvious from the preference shown for foods 
mixed with sugars, except lactose (Fig. 4). It has also adaptive value; for in 
natural foods bitter taste is associated with the occurrence of toxic alkaloids and 
sweet with carbohydrate and starchy substances (Garcia el ai, 1974). Of the 
sugars, fructose being the sweetest (Bell et ai, 1965) was much preferred (Fig. 4). 
The gerbils, like laboratory rat R. norvegicus and R. rattus rejected lactose (Fig. 4). 
Sweetness due to (Bhardwaj & Khan, in press) saccharin was also rejected (Fig. 4). 
"Black" rats, R. rattus, also avoid foods sweetened with saccharin, but not the 
"brown"rats, R. norvegicus (Barnett 8c Spencer, 1953; Khan, 1974). 
Mustard oil has a slightly acrid taste (Khan, 1974) and foods mixed with it are 
evidently as unacceptable to gerbils (Fig. 4) as they are to "black" rats. But then 
tasteless groundnut oil mixtures are only slightly more acceptable to them. This 
contrasts sharply with the marked preference shown for such foods by species of 
Rattus (Barnett & Spencer, 1953; Khan, 1974). 
Consumption of oily foods also confers certain advantages, as a rapid gain in 
weight (Barnett, 1969). However, this also failed to influence the choice of 
gerbils. But calorific value did affect the choice for whole grains. The seeds most 
preferred were millet > sorghum > paddy > barley, an ordering which also 
reflects their energy value (Millet 3.56 cal/g; sorghum 3.49cal/g; paddy 
3.45 cal/g; barley 3.36 cal/g; Aykroyd, 1963). 
Apparently, the feeding behaviour of gerbils is similar to that of the two species 
of Rattus. There are, however, marked differences in the choice of foods. Finely 
divided cereal foods are not accepted; addition of tasteless groundnut oil also 
fails to make them anymore attractive. 
SUMMARY 
The gerbils, Tatera indica, select foods in a linear order, much like the species of 
Rattus. Of whole cereals, millet is selected followed by sorghum, paddy, barley, 
wheat, rice and maize. Foods sweetened with sugars except lactose, are favoured 
over plain alternatives; saccharin mixtures are little eaten. Moist foods have also 
special attraction for gerbils. However, preference for cereals is not much 
affected by the addition of tasteless groundnut oil. This contrasts sharply with 
marked prference shown for such foods by species of Rattus. 
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Retrieval of young by Iactating Indian gerbil, Tatera indica 
indica (Hardwicke) 
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Abstract. Lactating gerbils, Tatera indica indica (Hardwicke), retrieved their young, 
one by one, to the nests when the litters were displaced to positions away from it. 
The behaviour lasted for 22 days after parturition, but latencies for retrievals did not 
change with the growth of pups. However, the ' grip' used in retrieving varied with 
their age; pups were seized by teeth on the flank, by nape of the neck and skin on their 
back, in the order named. Models of pups presented to mothers were, however, 
ignored in another experiment. 
Keywords. Retrieving; Tatera indica; Latencies; Maternal behaviour. 
1. Introduction 
Retrieval or carriage of straying or fallen young to the nest by lactating mothers, 
forms an important component of the maternal behaviour of laboratory rat, Rattus 
norvegicus (Beach and Jaynes 1956a,b,c; Rosenblatt and Lehrman 1963; Barnett 
1975). Ensuring better survival of the young, it is a stereotyped pattern under multi-
sensory control (Barnett, 1975). 
Females of the wild type, R. norvegicus Berkenhout, have also retrieving abilities 
(Barnett, 1975); and the behaviour has also been observed in the desert gerbil, Mer-
iones hurrianae (Jerdon) (Muthana, 1975). It has, however, not been studied and 
timed under standard conditions. 
Such abilities are consistent with the high quality of maternal care that female 
rodents provide to their young. The Indian gerbil, Tatera indica indica (Hardwicke), 
is no exception in this regard. Results of experiments designed to study ' retrieving 
of young' by their lactating females are discussed here. 
2. Materials and methods 
2.1. The subjects 
Subjects were wild-caught stock, maintained on rat diet (Hindustan Lever Ltd.) and 
ad lib water. Selected adults were weighed and grouped into bisexual pairs; and 
transferred to wire-mesh cages, 1-32 x 1 "0 X 0-32 m, provided with wooden nest boxes, 
20x10*5x9 cm, and newsprint strips, 30x30 cm, for nesting. Sand was given in 
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Figure 1. Arrangements inside test cages, showing the positions of nest box (N), 
food tray (F), water dish (W) and sand tray (S) in which the young were offered for 
retrieval. 
separate trays for bathing. Arrangements made inside the cages are shown in 
figure 1. 
The gerbils were left undisturbed for the next 20 days, but then the cages were 
examined daily. The males were removed when a litter, born obviously in the preced-
ing night, was detected. 
Of the 4 females tested in experiment I, no. 1 of 125 g body-weight had a litter of 
2 young, no. 2 of 168 g of 3 young, no. 3 of 152g of 4; butno. 4 of 125 gweight had 
also 3 young in it's litter. Female nos 5 and 6 included in experiment II, were also 
suckling respectively, 2 and 3 young. 
2.2. Experimental procedure 
Observations began 12 to 24 hr after parturition, i.e. on the same day that a litter was 
detected, or later when the pups were 11 days old. Mother gerbils were removed 
from the cages between 1600 to 1800 hr and released back after the young had been 
marked, weighed and placed in the sand trays. Forceps boiled in water and dried 
with sterilised towels, were used for handling them. 
Following re-entry of mothers into the cages, an observer (E) made the following 
observations. 
(1) Latency, in seconds, with which the first pup of the litter was retrieved, or car-
ried from sand tray to the nest box. It was timed from the entry of mother into the 
nest box to the moment, when after coming out, it seized the first pup. 
(2) Latencies, in seconds, with which the other pups in the litter were retrieved, 
or the interval between the entry of mother into the nest box with one pup and the 
seizure of the next when it came out. 
(3) Region of body on which the pups were seized. 
(4) Time, in seconds, spent by mothers in searching the cage after retrieval of all 
pups in the litter. 
This test was repeated in experiment I each day from birth, or after the age of 11 
days, to weaning. 
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Responses of lactating gerbils to plastocene models of their pups placed in the sand 
trays, were observed in experiment II. 
2.3. Analysis of results 
Methods described by Bailey (1959) were followed for calculating means, standard 
deviations, standard errors of the means (SE), and for comparing retrieval latencies. 
Comparisons were made by paired t tests. 
3. Results 
The results are summarised in tables 1 to 3 and illustrated in figures 2 and 3. It 
would appear that observations on only two litters could be completed from birth 
to weaning (table 1). Female no. 3 died 13 days after parturition for unknown 
reasons; while retrievals by female no. 4 were timed only after the 11th day. 
Table 1. Mean latencies, with standard errors (SE), for retrieval of pups by lactating 
gerbils of experiment 1. Time later spent in searching the cage are also given. 
Length
 T i m e 
ic«moi^ of test Latencies for retrieval, seconds Total . „ „ , ; _ F S " d 0 (days since Mean ± S.E.' latencies J * * ™ 
No
- parturi Mean ± S.E. S e a ' C ^ n g 
tion) 1st pup 2nd pup 3rd pup 4th pup B ' 
1 1 to 22 35-0 ± 4-55 32-59±2-8 — — 69-57 ± 6-5 29-4± 4,5 
2 l t o 2 2 54-3 ± 5-78 42-7 ±3-9 38-8±3-3 — 138-5 ± 11-5 34-5± 4,5 
3 l t o l 3 52-7 ± 9-3 40-7 ±6-2 42-2±3-6 39-4 ± 4-3 183-7 ± 16-4 37-8± 8,7 
4 12 to 17 51-6 ±15-0 45-8 ±7-0 41-6±4-l — 139-1 ± 23-2 46-6±18,0 
Table 2. Paired ' t' values found by comparing the latencies with which the pups 
were retrieved by gerbils of experiment I 
Females no. 1 & 2 
Females no. 1 & 3 
Females no. 1 & 4 
Females no. 2 & 3 
Females no. 2 & 4 
Females no. 3 & 4 
' t' of latencies timed for retrieval of 
1st pup. 2nd pup 3rd pup 
3-12* 
2.51* 
2-65* 
3.17* 
3-65* 
— 
5-40* 
3-99* 
1-44 
2-00 
1,95 
— 
— 
— 
— 
5-49* 
— 
— 
•Significant, P < 0-05 
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Table 3. Paired ' t' values showing the relationship between the latencies observed 
for retrieval of pups of the same litter. 
Female No. ' t' of latencies for retrieval of 
Pup 1 & 2 Pup 1 & 3 Pup 1 & 4 Pup 2 & 3 Pup 2 & 4 Pup 3 & 4 
3-32* _ _ _ _ _ 
3-96* 3-39* — 2-73* — — 
2-30* 1-69 2-20* 1-99 2-46* 2-64* 
2-40* 1-85 — 2-60* — — 
•Significant, P < 0-05 
3.1. Growth of Gerbils from birth to weaning 
The gerbil pups at birth were found blind, naked; and with limited orientation re-
flexes. They were, however, able to produce audible signals (or squeaking). Their 
body-weight varied from 4 to 5 g (mean=4-40 ±SE 0*02 g). It increased at the rate 
ofH0±SE0-32g/day. 
Orientation reflexes were, however, rapidly acquired; crawling movements began 
after the 5th day, and the pups started walking after 13 days. The eyes opened at 
18 days by which time most of the fur had also developed. Weaning occurred at 28 
days after parturition. 
3.2. Retrieval of young 
Experiment 1; The young were retrieved by their mothers, from birth to the age of 
22 days (figures 2 and 3). On the remaining days before weaning, they reached the 
nests without their help. Later they moved freely, but spent little time in the nest 
boxes. 
The lactating gerbils showed obvious signs of distress when removed from the 
cage, or deprived of contact with their young less than 22 days in age. On being 
released back into cages, they first rushed and looked for them in the nest boxes. 
Coming out after variable periods, they reared and backed about the nests before 
moving around. Aided perhaps by squeaking of pups, they walked across to 
sand-trays. Retrievals began soon after as the pups were lifted one by one and 
carried into the nest boxes. Only once, on the 11th day after parturition, female 
no. 3 attempted to build a new nest where it was offered the pups, i.e., in the sand 
trays. 
Retrieval occurred on the run and on successive runs, a straight course to the nest 
box was followed. Th pups were not nursed or licked in the meantime. The cages 
were also searched for variable periods after retrieving all the pups (table 1). 
3.3. Grips used or the method of retrieval 
The gerbils used different grips in lifting the pups. After 1 to 10 days, the pups 
were caught on the abdomen, exactly on the flank, by the teeth; to which they also 
l 
2 
3 
4 
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Figure 2. Latencies, in seconds, with which the pups were retrieved by female no.2. 
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Doys 
Figure 3. Latencies for retrieval of pupsin in another example of female no. 1. 
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responded by curving in their bodies. After 11 to 15 days, they were lifted by the 
nape of neck and after 22 days by skin on their back. The neck grip was, however, 
repeated by female no. 2 on 22-day old pups. 
Latencies for retrieval of pups, however, did not vary with their age (correlation 
test., P>0-1). In respect of all the pups, though with different mothers, it fluctuated 
rather alternately, on successive days after parturition (figures 2 and 3). The range 
of variation was, however, wider in case of the latencies timed for the retrieval of 
first pup than the latencies with which the remaining pups of the litter were retrieved 
(table 1). 
Thus, 10 to 120 sec (0-166 to 2-0 min) generally elasped before the first pup was 
retrieved; 10 to 105 sec (0-166 to 1 -75 min) before that of the second; 10 to 60 seconds 
(0-16 to 1-0 min) prior to the carriage of third pup, while an interval of only 20 to 
60 sec (0-3 to 1-0 min), in the only example of female no. 3, occurred when the fourth 
pup was seized and carried into the nest. Differences noted in latencies were, how-
ever, found significant in most instances (table 2). 
Similarly, within the litters, a linear order in retrieval latencies was discernible 
(figures 2 and 3). Thus, retrievals occurred, one after the other, at shorter 
intervals of time though again the differences seemed mostly significant (table 3). 
Totals of latencies show that female no. 3 with 4 pups, spent the maximum time 
in retrieving, followed by female no. 2 and 4, each with 3 young, while female no. 1 
with a litter of 2 pups, spent the minimum time (table 1). 
3.5. Responses to models of pups 
Experiment II. Lactating gerbils ignored the plastocene models of pups presented 
to them. However, what was made as ' eyes' in the models, was found chewed on 
most occasions. 
4. Discussion 
Retrieving is an experimentally induced response (Rosenblatt and Lehrman, 1963) 
and its relevance to wild rodents while living in their natural surroundings, is 
suspect (Barnett, 1975). Thus, it may only be a variation of the process of 
transport of pups to new nests, as occasionally observed there (King, 1963; 
Barnett, 1975). Of the gerbils tested in experiment I, female no. 3 also tried to 
build a new nest in the sand trays, before transporting the pups to the original nest 
several hours later. 
However, there are reasons to believe that it is a separate component of maternal 
behaviour and that it has survival value. Retrieving abilities may thus help the 
lactating gerbils to (1) prevent the young from falling out of the nest when they 
begin crawling after 5 days, (2) stop them from straying once they start walking after 
13 days and (3) bring them back to nest following a chance rescue from a predator, 
as was observed in an allied species by Muthana (1975). 
Perhaps for these reasons, the behaviour never waned in our gerbils for 22 days 
following parturition; whereas in the domesticated laboratory rat, it begins to dissi-
pate after 10 to 16 days (Rosenblatt and Lehrman, 1963). Although the litter size 
varied, it lasted only 2 to 5 min with latencies for retrieval of successive pups 
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decreasing in a linear order (table 1, figures 2 and 3). Conversely in the white rat, 
older pups are retrieved after long delays (Rosenblatt and Lehrman 1963). 
Similarly, latencies with which the first pups were retrieved by gerbils, differed 
only slightly (table 1; figures 2 and 3). There was, however, little chance of their 
retrieving abilities having improved with practice, as observed in several investiga-
tions on the laboratory rat (Barnett, 1975). Thus, retrieval latencies showed signi-
ficant differences at equivalent ages of pups (table 2) even though tests on female 
no. 4 began late, or 10 days after parturition (table 1). 
Retrieving stopped when the young began to resist it; and tried to reach the nests 
on their own. The lactating laboratory rats, on the contrary, themselves grow less 
attentive as the pups grow older. The difference reflects the stronger development 
of the behaviour in a wild species, compared to its loss with domestication in the 
case of the latter. 
The method of lifting the young or grip used, however, have not changed. Like 
the laboratory rats, lactating gerbils also protect the head and dorsal side of pups 
from rubbing the surface over which they are carried. 
The results of experiment II clearly show that retrieving is not simulated by objects 
resembling the pups in size and shape. That such objects arouse the curiosity of 
gerbil mothers is however obvious from the chewing of only the ' eye' in the models. 
It is likely that the head is investigated more than other parts of the pup's body. 
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Abstract. In laboratory enclosures, male Indian gerbils Tatera indica indica (Hard-
wicke), board a cereal, or wheat, for as long as the weight lost on previous diet 
of vegetables is not recovered. The female gerbils exhibit no such response. 
Keywords. Food hoarding; Tatera indica, nutritional depletion: hypothalamic 
mechanism. 
1. Introduction 
The Indian gerbil, Tatera indica (Hardwicke), is widely distributed, from Iran to 
India and Sri Lanka; though of the single species, several geographical races are 
recognised (Prater 1965; Barnett and Prakash 1975). It is also a pest of food 
crops, which are exploited at all stages of growth. Harvest time is, however, the 
season of plenty, when large amounts of grains are hoarded by it in the burrows 
(Prasad 1954; Prater 1965). 
Their hoarding behaviour has considerable economic importance (Barnett and 
Prakash 1975); but it has not been systematically studied. We observed the male 
Indian gerbil, Tatera indica indica, hoarding a familiar cereal food, or wheat, after 
receiving exclusive diet of vegetables for a week. The results of these experiments 
are discussed here. 
2. Materials and methods 
2.1. Subjects 
The subjects were wild-caught stock, maintained on rat diet and ad lib Mater. 
Juveniles and pregnant females were excluded. Of those selected, each occupied 
a wire-mesh enclousre, 1-32 x 1-0x0-32 m; provided with wooden nestboxes, 
30 x 30 x 30 cm, on one side and food and water trays, about 0-75 m away, at 
the opposite ends of the cage. 4 males (mean body-weight = 194-25 ± SE. 
11-75 g; range; 175-225 g> and 4 females (Mean wt. = 149-0 ± S.E. 15 0; 
range; 127-170g) were included in the experimental group; and only 2 males 
(wt. 150 and 172 g) and 2 females (131 and 162 g) in the control group. Repli-
cates were run simultaneously. 
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2.2. Experimental procedure 
Wheat (Triticum aestivum Linn.) was given to controls without change; but experi-
mental gerbils were fed on (i) wheat for 7 days, (ii) and in continuation, on vegetables 
for another 7 days, (iii) and then on wheat again. Of the four vegetables—brinjal 
(Solanum melongena Linn.), potato (Solatium tuberosum Linn.), calabash (Lagenaria 
sicararia (Mol.) Stadl.) and pumpkin (Maxima cucurbita Duch.), each kind was 
given to one gerbil of either sex. 
Body-weights were taken at the end of I and II phases of experiments, but on 
alternate days in the last or III phase when wheat was offered for the second time. 
Cages were checked daily; and grains hoarded, if any, were recovered and weighed 
separately. Food consumption was also measured, of vegetables on the basis of 
oven-dried weights. Energy value of foods given was read from Aykryod's Manual 
(1963); and methods described by Bailey (1959) were followed for statistical 
analysis. 
3. Results 
Details about the choice and consumption of food will be given elsewhere. Changes 
observed in body-weight of male gerbils when fed successively on wheat, vegetables 
and wheat, and the amount of wheat hoarded by them in the last phase of experi-
ments are, however, plotted in figure 1. 
Body-weight of gerbil was affected by difference in energy value of foods offered, 
3-46 cal/g in wheat compared to 0-12 to 0-97 cal/g in vegetables (Aykryod 1963). 
The calorie deficit in vegetable diets resulted in significant weight losses (paired 
t tests, P < 0 0 5 ) or nutritional depletion of experimental gerbils, for no changes 
were observed in weight of controls simultaneously receiving wheat. 
On the same choices in vegetables, however, the males lost more weight than 
females (t tests, P < 0-05), viz., 14-3% on calabash, 11-3% on pumpkin, 10-2% 
on potato and 4-5% on brinjal, compared to respectively, 10-6%, 8-2%, 8-1% 
and 3-4% reductions noticed in female body-weights. The loss was, however, 
recovered on access to wheat again (figure 1). 
Of wheat offered again in place of vegetables, variable amounts were hoarded 
by the male gerbils in their nest-boxes. 125 to 350 g was recovered on the. first day, 
but larger amounts on the following days (figure 1). Maximum amounts were 
stored between 3rd to 6th day, when hoarding was gradually reduced and stopped 
abruptly by two of the four males. However, 1-918 kg to 2-593 kg wheat was 
hoarded in 7 to 10 days that the behaviour persisted. 
Hoarding scores showed an inverse relation to the increase in body-weight of 
male gerbils (correlation test, P < 0-05) except in case of one fed earlier on brinjal 
(,- = 0-66, P>0-05) . Although, similarly reduced in weight, experimental 
female gerbils, much like the controls of both sexes, did not hoard wheat. 
4 Discussion 
Food hoarding by rodents is a complex activity (Barnett 1975); even though it 
may easily be provoked by varying degrees of food deprivation (McCarty and 
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Figure 1. Changes in body weight and hoarding scores of male gerbils. Females 
of the experimental group also lost weight, but did not hoard any foo4. 
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South wick 1974). Sex differences have thus been observed in most such experi-
ments with laboratory rat (Morgan et al 1943; Herberg et al 1972) hamster (Smith 
and Ross 1950) and Mongolian gerbil (Nyby et al 1973); for the females consis-
tently hoard more than males. 
Apparently, sex differences in hoarding behaviour indicate a division of labour 
that may have evolved to balance the needs of food acquisition. Female hoarding 
thus provides energy for care and nourishment of young; and is largely influenced 
by hormonal changes underlying maternal activity (Herberg et al 1972; Nyby 
et al 1973). That high quality of maternal care is provided, becomes obvious 
from the high rates of hoarding that occur with them. 
Hoarding activity of males serves a different function, of obtaining reserve food 
supplies. Its adaptive value increases, therefore, with social organisation. In 
the highly gregarious Mongolian gerbil, as in other rodents living in temperate 
climates, it is timed by decline in gonadal function at the termination of breeding 
season, and ensures sufficient stores of food for over-winter survival (Rice and 
Terman 1972; Nyby et al 1973). 
Nutritional factors also supply the drive for the behaviour exhibited by male 
laboratory rats (Smith and Powell 1955). It depends, however, on a hypothalamic 
mechanism, which is activated by long term calorie need (Herberg and Blundell 
1970). It would appear that a similar mechanism controls hoarding in male 
T. i. indica. It continues for as long as they remain nutritionally depleted, or 
undernourished. Changes in body-weight also govern the response; which follow 
an inverted bell-shaped function (figure 1). Female gerbils are not affected; for some 
preliminary observations show that it depends on pregnancy. 
It is obvious from the above that hoarding behaviour of male gerbils in the 
natural environment would coincide with periods of food scarcity, which conti-
nually arise Tor example with rotation of crops in the field or with change in 
seasons. However, more experiments will be needed to clarify whether it is also 
influenced at harvest time by food deficit or hunger. 
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Table 1. Number, sex and weight of the gerbils used in the experiments. 
Experiment 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
No. 
2 
9 
5 
4 
6 
2 
2 
14 
of gerbils 
? 
2 
10 
(3 pregnant) 
7 
(2 pregnant) 
4 
6 
(2 pregnant) 
2 
2 
4 
Total 
4 
19 
12 
8 
12 
4 
4 
18 
Mean Body-weight 
(g ± S.E.) 
143-0 ±6-244 
(130-160) 
139-578 ±8-725 
(63-200) 
155-66 ±5-845 
(113-190) 
155-625 ±7-366 
(113-178) 
152-833 ±5-625 
(123-190) 
140-0±5-3 
(130-155) 
168-75 ±17-983 
(131-200) 
153-444 ±8-495 
(100-213) 
2.3. Experimental procedure 
Experiment 1 : An observer (E) watched the method of shredding paper, from 
concealed positions in the night. 60 W red bulbs were used for illumination. 
Experiment 2 : Daily shredding activity was estimated by weighing the amount 
of paper shredded from a surplus given on the preceding nights. Observations 
were repeated for 10 days on each gerbil. 
Experiment 3 : The amount of paper used each day in lining the nest-boxes was 
weighed separately from paper recovered outside, or in cage, for 10 days. 
Experiment 4 : Daily record was taken of the amount of paper shredded (i) by 
gerbils given nest-boxes stuffed with 20 g straw (experiment group), and (ii) by 
gerbils offered nest-boxes without straw (control group). 
Experiment 5 : Shredding of paper was observed (i) in cages without nest-boxes 
(experiment group), and (ii) in enclosures containing one box each (control group). 
Experiment 6 : Choice in shredding material was observed between (i) paper 
scented with vanilla and plain paper, and (ii) paper treated with insecticides, DDT 
and BHC, and plain paper; each for several days. 
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Abstract. Nesting material like paper is also shredded, or torn and chewed by the 
Indian gerbil, Tatera indica indica (Hardwicke). Shredded paper is used in lining 
the interior of nest-boxes; and in its absence, for making nests at corners of cage. 
An important component of nest-building activity, shredding also acts with other 
behaviour patterns. 
Keywords. Shredding; nest-building; nesting material, arousal; displacement 
behaviour; Indian gerbil. 
1. Introduction 
The Mongolian gerbil, Meriones unguiculatus, shreds and chews paper, straw and 
thin pieces of wood which are then used in lining the interior of beakers or cans 
placed in the cage for nesting (Glickman et al 1967). The Indian gerbil, Tatera 
indica indica (Hardwicke), also shows a similar behaviour but quantitative estimates 
are lacking. Results of experiments designed to study their shredding behaviour 
are discussed in this paper. 
2. Materials and methods 
2.1. Subjects 
The subjects were wild-caught; housed and maintained as described earlier 
(Kumari and Khan 1978). Each was given a nest-box, 20 x 10-5 x 9 cm, and 
kept in a room where daily air-temperatures varied from 18-23°C arid'tiark 
period from 10 to 12 hr. Description and number of gerbils included in each 
experiment are given in table 1. 
2.2. Nesting material 
Bond paper sheets (29 x 23 cm) were offered for nesting at positions away from 
the nest-box in the evening hours. It was recovered, when required, at the same 
hours. 
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Figure 2. Paper offered in sheets 
(left) by gerbils, T. i. indica. 
measuring 30 30 cm, as torn (right) and chewed 
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Figure 1. Cages (0«-76 x 0-3 x 0-3)m used, arranged here parallel to each other 
in a row (this arrangement was only followed in experiment 8; and gerbils residing 
m adjacent cages were visible to each other, across the wire-mesh), 
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Figure 3. Histograms showing the daily shredding activity of gerbils included in 
experiment 2. means (X: • ) with enclosed white'bars representing standard errors 
of mean (±S.E.: • ) . 
3.2. Daily shredding activity 
The amount of paper shredded daily by gerbils varied widely (mean = 0-750 ± 
S.E. 0 -750 g to 76-570 ± S.E. 10-614 g/day; figure 3). Pregnant females shredded 
the maximum" amounts, followed by non-pregnant females and males (figure 3). 
Variation observed due to sex was statistically significant (ttest, P<0-05). This 
behaviour was also present in juveniles, though not to a measurable extent. 
3.3. Lining of nest-boxes by material shredded 
Of paper shredded each day, most were recovered from nest-boxes of gerbils 
(table 2). Only the pregnant females left a surplus behind. The gerbils caged in 
pairs also left a surplus, though negligible (table 2). 
The larger torn pieces of paper were kept on the sides while the chewed matter 
was heaped on the floor of the nest-box (figure 4). The latter was also used in 
plugging the entrance during day-time. In the case of more than one nest-box in 
the cage, only that used for sleeping was lined. Others were ignored. 
3.4. Effect of lining the nest-boxes with straw 
Gerbils, given access to nest-boxes already lined by straw, ignored the paper offered 
outside in the cage for shredding. Controls shredded the paper and used it for 
lining the nest-box as usual (t test, P < 0 001; figure 5). 
3.5. Effect of removal of nest-boxes on shredding 
Removal of nest-boxes from the cages, resulted in marked increase of shredding 
activity; the material shredded was also used in making nests at corners of the 
cages. Pregnant females made larger nests than other adults. Controls, each with 
one nest-box, showed no similar responses (figure 6). 
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Experiment 7 : Paper from nests of males and females was exchanged between 
them. Plain paper was given as the alternative and selection of material observed 
for a number of days. 
Experiment 8 : Interaction of shredding with social behaviour patterns was 
observed in cages placed close and parallel to each other in a row (experiment 
group). The subjects allowed in neighbouring cages were either (i) only males, 
(ii) females, (iii) male and female gerbils in alternate cages, or (iv) male gerbils 
and male black rat, Rattus rattus L. in similar positions (figure 1). Gerbils isolated 
by putting wooden partitions between the cages served as controls. Amount of 
paper shredded in each situation was noted daily. 
The results were analysed according to methods described by Bailey (1959) 
3. Results 
The results are illustrated from figures 2-9 and of experiment 3 are summarised 
in table 2. 
3.1. Behaviour 
As observed in experiment 1, sheets of paper were grabbed by teeth and dragged 
towards the nest-box. Running with sheets continued till most, or all, of paper 
was transported to that end of cage. 
Paper was torn while lifting the sheets by teeth and pressing it simultaneously 
with fore-paws. Held between the paws, it was also chewed or cut rapidly by teeth 
(incisors) as the head moved around from one side to the other. 
Chewed paper, unlike that torn, showed considerable uniformity in size and appea-
rance of the pieces (figure 2). Both kinds of shredded matter were, however, taken 
into nest-box. 
Table 2. Amounts of shredded paper recovered from or outside nest-boxes in the 
cages of gerbils of experiment 3. 
Amount of shredded Amount of shredded Total amount 
Description of gerbils paper recovered -matter left in shredded daily 
from nest-box the cage (g ± S.E.) 
(g±S.E./day) (g±S.E./day) 
140 <? 4-612±0-24 . . 4-612±0-24 
150 ^ 6-32 ±1-41 .. 6-32 ±1-41 
134$ 5-23 ±0-82 .. 5-23 ±0-82 
140? 12-75 ±0-61 .. 12-75 ±0-61 
nonpregnant 33-75 ±5-033 6-82 ±1-41 40-57 ±4-61 
165$ pregnant 21-32 ±2-31 4-12 ±0-21 25-42 ±4-72 
188<j, 180? 2-75 ±1-37 0-875±0-0 3-625±l-4 
190&113? 2-875±0-63 2-375±0-82 5-25 ±0-84 
148c?, 150? 15-5 ±2-06 2-16 ±0-82 17-66 ±2-91 
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Figure 4. Shredded paper as it was used in lining the wooden boxes (20 X 10-5 x 
9 cm) given for nesting, 
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Figure 7. Amounts shredded daily in a choice between plain paper and paper 
scented with vanilla or treated with insecticides; means with standard errors of means. 
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Figure 8. Preference of male gerbils for nest-paper of females; mean amounts 
chewed daily with standard errors of means. 
3.8. Paper shredding as displacement behaviour 
Male gerbils of experiment 2, unlike females, spent considerable time in patrolling 
the side-walls preventing approach or attack on conspecifics seen in neighbouring 
encbsures. They also made attempts to crash through the mesh, and to cut the 
wires; paper was vigorously chewed after such attempt. Complete indifference 
was, however, shown to black rat, R. rattus, in similar positions. 
Thus, male gerbils occupying adjacent cages shredded more paper than males 
housed alternately with female gerbils or black rat, R. rattus, in parallel enclosures 
(t test, P < 0 0 0 1 ; figure 9); or controls isolated with partitions between their 
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Nest box 
Nest box 
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+ 
Straw 
160 113 17,0 137 
Body wt. (g) 
Figure 5. Paper shredding by gerbils of experiment 4, daily (right; X ± S.E.) or ina 
week (left), when given access to nest-boxes stuffed with straw, and boxes without it. 
Paper, offered to gerbils in the former group, was almost ignored. 
Body wt (g) 
(T> N •g- f 
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Figure 6. Effect of removal of nest-boxes on shredding activity (X ± S.E.) Gerbils 
without nest-boxes, shredded large amounts of paper for making nests at corners of 
cages. Females 153a 131 g were pregnant. 
3.6. Choice of nesting material 
In experiment 6, paper scented with vanilla was initially ignored; but then chewed 
in small amounts (paired t test, P < 0 -05; figure 7). Paper treated with insecti-
cides was, however, rejected in the presence of plain alternative (P < 0 -05; figure 7). 
3.7. Shredding of nest-paper 
Torn paper from female nests was preferentially chewed by male gerbils (P <- 0 '05). 
Paper from their nests was, however, ignored by the females which shredded only 
the plain paper ( P < 0 0 5 ; figure 8). 
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appears significant, however, in another context. Probably after courting and 
inseminating females, male gerbils also assist in nest-building. More experiments 
are, however, needed to clarify this point. 
Results of experiment 8 show that interruption of attack by males on other males 
caused greater arousal than foiling of their attempts to approach females. There-
fore, paper was also shredded in variable amounts (figure 9). Evidently, in gerbils^ 
T. i. indica, not only specific recognition but correct identification of sex is also 
made at a distance. Thus the presence of another rodent, R. rattus, in neighbour-
ing enclosures evoked no response (figure 9). 
In any case, it is clear that shredding of nesting material forms a distinct feature 
of nest-building activity in T. i. indica; but it also acts independently with other 
behaviour patterns. 
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Figure 9. Male gerbils residing in adjacent cages shredded more paper (A) than 
males housed alternately with females (D) or black rat, R. rattus, (C) or controls (B) 
isolated by wooden partitions between the cages. Histograms show mean with 
standard errors of means. 
cages ( P < 0-001). No similar changes were observed in shredding activity of 
females, which varied from 11-271±S.E. 1-700 to 18-35 ± S.E. 4-270 g/day. 
4. Discussion 
Paper offered to gerbils, T. i. indica, was torn and chewed in stereotype actions of 
forepaws and mouth. Chewing reduced paper into a uniform material; when 
each piece with serrated margins, or marks of teeth, measured about 25 x 6 mm 
(figure 2). It was fluffed by nosing or set by thumping (Barnett 1975); and also 
picked up by mouth to be placed at desired positions. 
Shredding thus always preceded lining or making of nests. Both sexes made 
nests, and hence chewed paper. The behaviour was, however, more pronounced 
in females, specially when pregnant (figure 3). However, shredding scores dropped 
when sexes were caged together; probably more time was then spent in court-
ship. The material shredded then was also not used in lining and left outside in 
the cage (table 2). 
Nests were easily made by T. i. indica without support; but shredding activity 
increased to compensate for the larger amount of material required (figure 6). It 
is, however, not known whether gerbils ever nest overground, under thick cover 
of vegetation for example, when such behaviour may be helpful. 
It is, however, very likely that in the natural habitat, burrows, as boxes in our 
experiments are lined by shredded vegetable matter. Thus, similar analogous 
behaviour in the laboratory is also shown by Mongolian gerbils (Glickman et al 
1967). The behaviour disappears when the goal is fulfilled, as for example on access 
to nest-boxes already lined by straw (figure 5). 
The paper is, however, ignored when of unfamiliar or offensive smell, and pro-
bably taste as well (figure 7). Probably more than one sense is involved in the selec-
tion of nesting materials. Attraction of male gerbils to paper smeared by females 
